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Description 

Technical Field 

The present invention relates to the use of pharmaceutically active benzopyran derivatives as a medicine for cardiac 
insufficiency of mammals including human beings. 

Background Art 

Japanese Patent Application Laid-Opens No. Hei 2-4791 , No. Hei 2-49788. No. Hei 2-152974 and No. Hei 5-43432 
U.S. Patent No. 4,900,752. European Patent No. 327.127 and EP-A-492.391 have disclosed the possibility that benzo- 
pyran derivatives are usable as a medicine for curing disorders of cardiovascular systems such as hypertension, angina 
pectoris, arrhythmia, etc. and also as a hair growth stimulants for curing alopecia. However, they do not refer to the 
possibility that the derivatives might be usable as a medicine for curing diseases associated with cardiac insufficiency. 

Disclosure of Invention 

The present inventors intensively studied and investigated various benzopyran derivatives so as to obtain those 
having a low potassium channel opening activity while having no cardiosuppressing activity but rather having an activity 
of increasing constriction of heart and. as a result, have found that the compounds of the following formula (I) have a 
strong cardiotonic activity. On the basis of this finding, the present invention has been completed. 

Specifically, the present invention is directed to the compounds of the following formula (0. their optical isomers, 
their stereoisomers and their pharmaceutically acceptable salts when they may form salts. 




wherein Xi and X2 do not exist or represent an oxygen atom; 

X represents an oxygen atom, a sulfur atom, a nitrogen atom (said nitrogen atom is unsubstrtuted or substituted by a 
hydrogen atom or a C r C 4 alkyl group). C(O), C(S). or C(N-CN); 

A represents a hydrogen atom, a hydroxyl group, or OC(0)R5 (in which R5 represents a C1-C4 alkyl group), or may form 
a single bond together with B; 

B represents a hydrogen atom, or may form a single bond together with A; 

Ri and R* are the same or different from each other and represents hydrogen atom or a C r C 4 alkyl group, or R1 and 
R2 may together formal ,4-butylene or 1 .5-pentylene group which is unsubstrtuted or substituted by C i -C 4 alkyl group(s) ; 
R3 and R 4 are the same or different from each other and represent a hydrogen atom, a Ci-C 6 alkyl group {said alkyi 
group is unsubstrtuted or substituted by one or more substrtuents selected from a halogen atom, a carboxyl group, a Q Y 
C 5 alkoxycarbonyl group, a hydroxyl group, a d-C 4 alkoxy group, CH(OR) 2 (in which R represents a C r C 4 alkyl group), 
a phenyl group (which is unsubstituted or substituted by one or more substrtuents selected from a halogen atom, a 
hydroxyl group and a C r C 4 alkoxy group), a formyl group, a cyano group and a nitro group), a Cz-Cq alkenyl group {said 
alkenyl group is unsubstituted or substituted by one or more substrtuents selected from a halogen atom, a carboxyl 
group, a Cz-Cs alkoxycarbonyl group, a hydroxyl group, a C r C 4 alkoxy group. CH(OR) 2 (in which R represents a C r C 4 
alkyl group), a phenyl group (which is unsubstituted or substituted by one or more substrtuents selected from a halogen 
atom, a hydroxyl group and a C r C 4 alkoxy group), a formyl group, a cyano group and a nitro group}, a Cz-Q, alkynyl 
group {said alkynyl group is unsubstrtuted or substituted by one or more substrtuents selected from a halogen atom, a 
carboxyl group, a C2-C5 alkoxycarbonyl group, a hydroxyl group, a C r C 4 alkoxy group. CH(OR) 2 (in which R represents 
a C r C 4 alkyl group), a phenyl group (which is unsubstituted or substituted by one or more substrtuents selected from 
a halogen atom, a hydroxyl group and a C r C 4 alkoxy group), a formyl group, a cyano group and a nitro group), a C 3 - 
C e cycloalkyl group {said cycloalkyl group is unsubstrtuted or substituted by one or more substrtuents selected from a 
halogen atom, a carboxyl group, a Cz-C 6 alkoxycarbonyl group, a hydroxyl group, a C r C 4 alkoxy group. CH(OR) 2 (in 
which R represents a d-C 4 alkyl group), a phenyl group (which is unsubstituted or substituted by one or more substit- 
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uents selected from a halogen atom, a hydroxyl group and a C r C 4 alkoxy group), a formyl group, a cyano group and a 
nitro group}, a phenyl group (which is unsubstituted or substituted by one or more substituents selected from a halogen 
atom, a hydroxyl group and a C r C 4 alkoxy group), or C(=Y)ZR6 [where Y represents an oxygen atom, a sulfur atom or 
NR7 (m which R? represents a hydrogen atom, a cyano group, a nitro group, a C r C 4 alkyl group, a C r C 4 alkoxy group 
or C0 2 R 8 (R 8 represent a C r C 4 alkyl group)); Z represents an oxygen atom, a sulfur atom or NR8 (in which R« represents 
a hydrogen atom, a C r C 6 alkyl group {said alkyl group is unsubstituted or substituted by one or more substituents 
selected from a halogen atom, a carboxyl group, a C 2 -C 6 alkoxycarbonyl group, a hydroxyl group, a C r C 4 alkoxy group. 
CH(OR) 2 (in which R represents a C r C 4 alkyl group), a phenyl group (which is unsubstituted or substituted by one or 
more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 alkoxy group), a formyl group a cyano 
group and a nitro group), a Cz-Ce alkenyl group {said alkenyl group is unsubstituted or substituted by one or more 
substituents selected from a halogen atom, a carboxyl group, a C 2 -C 6 alkoxycarbonyl group, a hydroxyl group, a C r C 4 
alkoxy group. CH(OR) 2 (in which R represents a C r C 4 alkyl group), a phenyl group (which is unsubstituted or substituted 
by one or more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 alkoxy group), a formyl group, 
a cyano group and a nitro group}, a CjrCe alkynyl group {said alkynyl group is unsubstituted or substituted by one or 
more substituents selected from a halogen atom, a carboxyl group, a C^Cs alkoxycarbonyl group, a hydroxyl group, a 
C r C 4 alkoxy group. CH(OR) 2 (in which R represents a C r C 4 alkyl group), a phenyl group (which is unsubstituted 'or 
substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 alkoxy group), a 
formyl group, a cyano group and a nitro group}, a Qj-Ce cycloaJkyl group {said cycloalkyi group is unsubstituted or 
substituted by one or more substituents selected from a halogen atom, a carboxyl group, a C^Cs alkoxycarbonyl group 
a hydroxyl group, a C r C 4 alkoxy group, CH(OR) 2 (in which R represents a C r C 4 alkyl group), a phenyl group (which is 
unsubstituted or substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 
alkoxy group), a formyl group, a cyano group and a nitro group}, or a phenyl group (which is unsubstituted or substituted 
by one or more substituents selected from a halogen atom, a hydroxyl group and a Ci-C 4 alkoxy group)); 
and R8 represents a hydrogen atom, a d-Cs alkyl group {said alkyl group is unsubstituted or substituted by one or more 
substituents selected from a halogen atom, a carboxyl group, a C 2 -C 5 alkoxycarbonyl group, a hydroxyl group, a C r C 4 
alkoxy group, CH(OR) 2 (in which R represents a C r C 4 alkyl group), a phenyl group (which is unsubstituted or substituted 
by one or more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 alkoxy group), a formyl group, 
a cyano group and a nitro group}, a C^Ce alkenyl group {said alkenyl group is unsubstituted or substituted by one or 
more substituents selected from a halogen atom, a carboxyl group, a CVC5 alkoxycarbonyl group, a hydroxyl group, a 
C r C 4 alkoxy group. CH(OR) 2 (in which R represents a C r C 4 alkyl group), a phenyl group (which is unsubstituted or 
substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 alkoxy group), a 
formyl group, a cyano group and a nitro group}, a C 2 -C e alkynyl group {said alkynyl group is unsubstituted or substituted 
by one or more substituents selected from a halogen atom, a carboxyl group, a C^Cs alkoxycarbonyl group, a hydroxyl 
group a C r C 4 alkoxy group. CH(OR) 2 (in which R represents a C r C 4 alkyl group), a phenyl group (which is unsubstituted 
or substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 alkoxy group) 
a formyl group, a cyano group and a nitro group}, a C3-C e cycloalkyi group {said cycloalkyi group is unsubstituted or 
substituted by one or more substituents selected from a halogen atom, a carboxyl group, a C T C 6 alkoxycarbonyl group 
a hydroxyl group, a C r C 4 alkoxy group. CH(OR) 2 (in which R represents a Ci-C 4 alkyl group), a phenyl group (which is 
unsubstituted or substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 
alkoxy group), a formyl group, a cyano group and a nitro group}, or a phenyl group (which is unsubstituted or substituted 
by one or more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 alkoxy group))]; 
or 

R3 and R4 may together form a 1 ,4-butylene or 1 .5-pentyf ene group {said 1 ,4-butylene group and 1 ,5-pentylene group 
are unsubstituted or substituted by one or more substituents selected from a C r C 4 alkyl group, a phenyl group (which 
is unsubstituted or substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a C r 
C 4 alkoxy group), a halogen atom, OR10 (where Rio represents a hydrogen atom, a C r C 4 alkyl group, COR" (R11 
represents a C r C 4 alkyl group, a nitro group. SO3H or POaHjj))}; or 

R3 and R* may together form (CH 2 ) m X4(CH 2 )) l [in which m and I each represent 1 . 2 or 3 while the sum of them is 3 4 
or 5; 

X4 represents an oxygen atom, a sulfur atom, or NR12 {in which R12 represents a hydrogen atom, a C r C 4 alkyl group 
or a phenyl group (which is unsubstituted or substituted by one or more substituents selected from a halogen atom a 
hydroxyl group and a C r C 4 alkoxy group)}]; or 

R3 and R* may together form (CH 2 ) n ZC(=Y) (in which n represents 2. 3 or 4; and Zand Y have the same meanings as 
defined above). 

The present invention relates to medicines for cardiac insufficiency, containing these compounds as active ingredi- 
ents. 

The compounds shown in the formula (I) of present invention reinforces constraction of cardiac muscles and are 
useful for improving cardiac functions. They are therefore usable as a medicine for treating cardiac insufficiency. They 
not only have a cardiotonic activity, but also have a strong activity of reducing the rate of heart beats. 
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The substituents in the compounds of formula (I) will be explained in more detail hereunder. 

In this specification, "n- n means normal; *V means iso; "sec-" means secondary; 1-" means tertiary-; "c" means 
cyclo-; "Me" means methyl; "Et" means ethyl; "Pr" means propyl; "Bu" means butyl; "Pen" means pentyl; "Hex" means 
hexyl; and "Ph" means phenyl. 

Examples of Ri and R 2 include a hydrogen atom, Me, Et. n-Pr, i-Pr, n-Bu, i-Bu, sec-Bu and t-Bu. W and R* may 
together form (CH^ or (CH^s to give spiro-rings. 

Examples of A include OH, O0(O)Me, OC(0)Et, OC(0)-n-Pr, OC(0)-i-Pr, OC(0)-n-Bu, OC(0)-i-Bu, OC(0)-sec-Bu, 
0C(O)-t-Bu, etc. 

A and B may together form a single bond. 

Examples of X include an oxygen atom, a sulfur atom, C(O), C(S), NH, NMe, NEt, N-n-Pr. N-i-Pr, N-c-Pr, N-n-Bu, 
N-i-Bu, N-sec-Bu, N-t-Bu. etc. 

Examples of R3 and R 4 include a hydrogen atom. Me, Et, n-Pr. i-Pr, c-Pr, n-Bu, i-Bu, sec-Bu, t-Bu, n-Pen, c-Pen, n- 
Hex, c-Hex, Ph, benzyl, para-chlorophenylmethyl. para-f luorophenylmethyl, para-bromophenylmethyl. phenylethyl. para- 
chlorophenylethyl, para-fluorophenylethyl, para-bromophenylethyl, CH2CO2H, CHzCO^e, CH2C0 2 Et. (CHzhCOzMe. 
(CHJzCOzEt. (CH2) 2 CH(OMe) 2 . (CH^zCHfOEth, (CHzhOH, (CH^OMe, (CH^OEt. (CHfoCl (CH^aBr, (CH^F, 
(CH^gCOzH, (CHJaCOzMe. (CH2) 3 C0 2 Et, (CHdaCHtMe)* (CH^CHfEflz, C(0)OMe, C(0)OEt, C(0)0-n-Pr, C(0)0- 
i-Pr, 0(O)O-c-Pr, C(0)0-n-Bu, C(0)0-i-Bu. C(0)0-sec-Bu. C(0)0-t-Bu. C(0)0-n-Pen, C(0)0-c-Pen, C(0)0-n-Hex, 
C(0)0-c-Hex t CCOJOtCHdzCI, CCOJOfCH^r, C^OCCH^CI. C(0)0(CH2) 3 Br, C(0)OPh. CtOOCHzPh, C(0)NHMe, 
C(0)NHEt. C(0)NH-n-Pr, 0(O)NH-i-Pr, C(0)NH-c-Pr, C(0)NH-n-Bu, C(0)NH-i-Bu. 0(O)NH-sec-Bu. C(0)NH-t-Bu. 
C(0)NH-n-Pen, C(0)NH-c-Pen, C(0)NH-n-Hex, C(0)NH-c-Hex, C/OJNHCCHdzCI, CfOJNHfCHjJzBr, C(0)NH(CH2) 3 CI. 
C(0)NH(CH2)3Br C(0)NHPh, CfONHCHzPh, C(0)NHC(0)CCI 3 , C(S)NHMe, C(S)NHEt, C(S)NH-n-Pr, C(S)NH-i-Pr, 
C(S)NH-c-Pr, C(S)NH-n-Bu, C(S)NH-i-Bu, C(S)NH -sec-Bu. C(S)NH-t-Bu. C(S)NH-n-Pen, C(S)NH-c-Pen, C(S)NH-n- 
Hex, C(S)NH-c-Hex, CfSJNHCCHzhCI, C(S)NH(CH2) 2 Br, C(S)NH(CH 2 ) 3 a, C^SJNHfCH^Br. C(S)NHPh. 
C(S)NHCH2Ph, C(N-CN)NHMe, C(N-CN)NHEt, C(N-CN)NH-n-Pr, C(N-CN)NH-i-Pr, C(N-CN)NH-c-Pr, C(N-CN)NH-n- 
Bu. C(N-CN)NH-i-Bu. C(N-CN)NH-sec-Bu, C(N-CN)NH-t-Bu, C(N-CN)NH-n-Pen. C(N-CN)NH-c-Pen. C(N-CN)NH-n- 
Hex, C(N-CN)NH-c-Hex. CCN-CNJNHCCH^zCI, CfN-CI^NHfCHJzBr, CfN-CNJNHCCH^CI, C(N-CN) NHfCH^Br, C(N- 
CIMJNHPh, C(N-CN)NHCH 2 Ph, or the following Q1 to Q36 in which nitrogen atoms to which R3 and R 4 and these sub- 
stituents are together bound. 
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Among the medicines for cardiac insufficiency of the present invention, the preferable one is a medicine for caidiac 
35 insufficiency containing, as the active ingredient at least one of compounds of the formula (II). their optical isomers, 
their stereoisomers and their pharmacologically acceptable salts when they may form salts: 



R l5 ^ M .R 16 

N 



X s ; T JT JLr* 



(ID 



so wherein X« does not exist or represents an oxygen atom; 

X5 represents an oxygen atom, a sulfur atom, or a nitrogen atom (said nitrogen atom is unsubstituted or substituted by 
a hydrogen atom or a C r C 4 aikyl group); 

Ai represents a hydrogen atom, a hydroxyl group, or 0C(0)R17 (in which R17 represents a C r C 4 alkyl group)- 
B1 represents a hydrogen atom; 

R13 and R™ are the same or different each other and represent a hydrogen atom or a C r C 4 alkyl group; 
Ris and R16 are the same or different to each other and represent a hydrogen atom, a C r Ce alkyl group {said alkyl 
group is unsubstituted or substituted by one or more substituents selected from a halogen atom, a carboxyl group, a C?- 
C 6 alkoxycarbonyl group, a hydroxyl group, a C r C 4 alkoxy group. CH(OR) 2 (in which R represents a C r C 4 alkyl group), 
a phenyl group (which is unsubstituted or substituted by one or more substituents selected from a halogen atom, a 
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hydroxy! group and a C r C 4 alkoxy group), a fbrmyl group, a cyano group and a nitro group}, a Qj-Ce cycloalkyl group 
{said cycloalkyl group is unsubstituted or substituted by one or more substituents selected from a halogen atom, a 
carboxyl group, a C 2 -C 5 alkoxycarbonyl group, a hydroxyl group, a C r C 4 alkoxy group, CH(OR) 2 (in which R represents 
a C1-C4 alkyl group), a phenyl group (which is unsubstrtuted or substituted by one or more substituents selected from 

5 a halogen atom, a hydroxyl group and a C r C 4 alkoxy group), a fbrmyl group, a cyano group and a nitro group}, a phenyl 
group (which is unsubstituted or substituted by one or more substituents selected from a halogen atom, a hydroxyl group 
and a C r C 4 alkoxy group), or C(=Yi)ZiRia p n which Y1 represents an oxygen atom, a sulfur atom or NR19 (in which 
R1 9 represents a hydrogen atom, a cyano group, a nitro group, a C r C 4 alkyl group or a C r C 4 alkoxy group) ; Z1 represents 
an oxygen atom, a sulfur atom or NR20 (j n which R20 represents a hydrogen atom, a C r C e alkyl group {said alkyl group 

10 is unsubstituted or substituted by one or more substituents selected from a halogen atom, a carboxyl group, a C2-C5 
alkoxycarbonyl group, a hydroxyl group, a C r C 4 alkoxy group. CH(OR) 2 (in which R represents a C r C 4 alkyl group), a 
phenyl group (which is unsubstituted or substituted by one or more substituents selected from a halogen atom, a hydroxy! 
group and a C r C 4 alkoxy group), a formyl group, a cyano group and a nitro group), a Qj-Ce cycloalkyl group {said 
cycloalkyl group is unsubstituted or substituted by one or more substituents selected from a halogen atom, a carboxyl 

is group, a C 2 -C 6 alkoxycarbonyl group, a hydroxyl group, a C r C 4 alkoxy group, CH(OR) 2 (in which R represents a C r C 4 
alkyl group), a phenyl group (which is unsubstituted or substituted by one or more substituents selected from a halogen 
atom, a hydroxyl group and a C r C 4 alkoxy group), a formyl group, a cyano group and a nitro group}, or a phenyl group 
(which is unsubstituted or substituted by one or more substituents selected from a halogen atom, a hydroxyl group and 
a C r C 4 alkoxy group)); and R"» represents a hydrogen atom, a Ci-C e alkyl group {said alkyl group is unsubstituted or 

20 substituted by one or more substituents selected from a halogen atom, a carboxyl group, a C^Cs alkoxycarbonyl group, 
a hydroxyl group, a C r C 4 alkoxy group. CH(OR) 2 (in which R represents a C r C 4 alkyl group), a phenyl group (which is 
unsubstituted or substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 
alkoxy group), a formyl group, a cyano group and a nitro group}, a C3-C6 cycloalkyl group {said cycloalkyl group is 
unsubstituted or substituted by one or more substituents selected from a halogen atom, a carboxyl group, a C^Cs 

25 alkoxycarbonyl group, a hydroxyl group, a C r C 4 alkoxy group. CH(OR) 2 (in which R represents a C r C 4 alkyl group), a 
phenyl group (which is unsubstituted or substituted by one or more substituents selected from a halogen atom, a hydroxyl 
group and a C r C 4 alkoxy group), a fbrmyl group, a cyano group and a nitro group}, or a phenyl group (which is unsub- 
stituted or substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 alkoxy 
group)}; or 

30 R 1 5 and R 16 may together form a 1 ,4-butylene or 1 ,5-pentylene group {said butylene and said pentylene are unsubstituted 
or substituted by one or more substituents selected from a C r C 4 alkyl group, a phenyl group (which is unsubstituted or 
substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 alkoxy group), a 
halogen atom and OR21 (in which R21 represents a hydrogen atom, a C r C 4 alkyl group, COR22 (j n which R22 represents 
a C r C 4 alkyl group, a nitro group. SO3H or P0 3 H 2 ))}; or 

35 R 1S and R16 may together form (CH^oX^CH^p {in which o and p each is an integer of 1 . 2 or 3 while the sum of them 
is 3, 4 or 5; represents an oxygen atom, a sulfur atom, or NR23 {in which R23 represents a hydrogen atom, a C r C 4 
alkyl group, or a phenyl group (which is unsubstituted or substituted by one or more substituents selected from a halogen 
atom, a hydroxyl group and a C r C 4 alkoxy group)}]; or 

R15 and R™ may together form (CH^qZIC^Y!) (in which Q represents an integer of 2, 3 or 4; and Zi and Yi have the 
40 same meanings as defined above). 

The above-mentioned medicines for cardiac insufficiency in which Ris in formula (II) represents a hydrogen atom, 
and Rio represents C(=Y2)NHR24 (\ n which Y 2 represents an oxygen atom, a sulfur atom or N-CN; and R*» represents 
a phenyl group, a benzyl group or a d-Ca alkyl group which may be branched) are further preferable. 

The medicines for cardiac insufficiency in which Ris and R16 in formula (II) together form (CH^NHCf-YS) (in which 
45 k is an integer of 2. 3 or 4; and Y3 represents an oxygen atom, a sulfur atom or N-CN) are one of further preferable ones. 

The medicines for cardiac insufficiency in which Ris and R16 in formula (II) simultaneously represents Ci-C 6 alkyl 
groups are one of further preferable ones. 

The medicines for cardiac insufficiency in which Ris and R16 in formula (II) together form (CH^ or (CH^g are one 
of further preferable ones. 
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Examples of the compounds of formula (I) of the present invention are mentioned below, in which ■-" indicates the 
absence of X* and/or X*. Qn has the meaning as defined above. (Qn = (R3-)(R4-)N-) 
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H 


Me 


Me 


(R»- 


-)(R4-)N- = Q17 


14 


0 - 




OH 


u 

il 


Me 


Ma 


ft?.- 




15 


0 - 




OH 


H 


Me 


Me 


(R.- 


-)(R4-)N- = Q20 


. 16 


0 - 




OH 


H 


Me 


Me 


H 


(CH,),0Me 


17 


0 - 




OH 


H 


M© 


Me 


H 


(CH*),C0,Bt 


18 


0 - 




OH 


H 


Me 


Me 


H 


CH>CO>Bt 


19 


0 - 




OH 


H 


Me 


Me 


H 


(CH,).C1 


20 


0 - 




OH 


H 


Me 


Me 


H 


(CH,)»OH 


21 


0 - 




OH 


H 


Me 


Me 


H 


H 


22 


0 - 




OH 


H 


Me 


Me 


H 


C(0)NHMe 


23 


0 - 




OH 


H 


M© 


Me 


H 


C(S)NHMe 
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Table 1 (continued) 



No. X X. 1 X 1 A BR 1 R 2 R« R« 



24 


0 - 


OH 


H 


Me 


25 


0 - 


OH 


H 


Me 


26 


o - 


OH 


H 


Me 


27 


0 - 


OH 


H 


Me 


28 


0 - 


OH 


H 


Mo 


29 


0 - 


OH 


H 


Me 


SO 


0 - 


OH 


H 


Me 


81 


0 - 


OH 


H 


Me 


32 


0 - 


OH 


H 


Me 


33 


0 - 


OH 


H 


Me 


34 


0 - 


OH 


H 


Mc 


35 


0 - 


OH 


H 


Me 


36 


0 - 


OH 


H 


Me 


87 


0 - 


- - OH 


H 


Me 


38 


0 - 


OH 


H 


Me 


39 


0 - 


OH 


H 




40 


0 - 


0 OC(0)He 


H 


Me 


41 


0 - 


OH 


H 


Me 


42 


0 - 


- OC(0)Me 


H 


Me 


43 


0 - 


- OC(0)Me 


H 


Me 


44 


0 - 


OH 


H 


Me 


45 


0 - 


OH 


H 


Me 



Me 


H 




C(0)NHPh 


Me 


H 




C(0)NHC(0)CC1, 


Me 


H 




C(0)NH(CH«).C1 


Me 


H 




CCO)NH(CWi),Cl 


Me 


H 




(XO)NH-l-Pr 


Me 


H 




C(0)0Bt 


He 


H 




C(0)0(CH,),C1 


Me 


(R. 


-XR 


4-)N- = Q26 


Me 


(R. 


-XR 


«-)N- = Q25 


He 


H 




(XO)NH-c-Hex 


Me 


H 




(XO)NH-t-Bu 


Me 


H 




C(0)OMe 


Me 


H 




C(S)NH-t-Bu 


Me 


(R. 


-XRo)N- = Q81 


Me 


H 




C(0)0(CH«),C1 


Me 


(R.- 


-XR< 


!-)N- = Q82 


Me 


Bt 




Bt 


Me 


Bt 




Bt 


Me 


Bt 




Bt 


Me 


(Rr 


-XR< 


r)N- = Q8 


Me 


H 




(CH,),CH(OBt)» 


Me 


(Rr 


-XR4 


r)N- = Q2 
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Table 1 (continued) 



No. 


X X 1 


X a A 


B 


R 1 


R* 


R' R* 




46 


0 - 


OH 


H 


Me 


Me 


H (CH,),CO,H 


47 


0 - 


- 0C(0)Me 


H 


Me 


Me 


H H 




48 


0 - 


OH 


H 


Bt 


Bt 


(R.-XR4-0N- = 


Q8 


49 


0 - 


OH 


H 


Bt 


Bt 


H H 




en 
50 


0 - 


OH 


H 


Bt 


Bt 


H C(0)NHMe 


51 


0 - 


- 0C(0)Me 


H 


Bt 


Bt 


H H 




52 


0 - 


OH 


H 


Me 


Me 


H C(N-CN)NH-t-Bu 


53 


NH - 


OH 


H 


Me 


Me 


(R.-)(R 4 -)N- = 


Q8 


54 


NH - 


OH 


H 


Me 


He 


(R.-)(R«-)N- = 


Ql 


55 


NH - 


OH 


H 


Me 


Me 


Bt Bt 




56 


S - 


OH 


H 


Me 


Me 


(R.-)(R4-)N- = 


Q8 


57 


S - 


OH - 


H 


Me 


Me 


(R,-)(R 4 -)N- = 


Ql 


58 


S - 


OH 


H 


Me 


Me 


Bt Bt 




59 


0 - 


OH 


H 


Me 


Me 


(R,-)(R 4 -)N- = 


Q3 


60 


0 - 


OH 


H 


Me 


Me 


(Ri-)(R4-)N- = 


Q4 


61 


0 - 


OH 


H 


Me 


Me 


<R,-XR«-)N- = 


Q5 


62 


0 - 


OH 


H 


Mc 


Me 


(Rs-)(R4-)N- = 


Q6 


68 


0 - 


OH 


H 


Me 


He 


(R.-)(R4-)N- = 


Q7 


64 


0 - 


OH 


H 


Me 


Me 


(R.-)(R4-)N- = 


Q9 


65 


0 - 


OH 


H 


Me 


He 


(R.-)(R4-)N- = 


Q10 


66 


0 - 


- OH 


H 


Me 


He 


(Ri-XR4->N- = 


Qll 


67 


0 - 


OH 


H 


Me 


Me 


(R.-)(R«-)N- = 


Q12 
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1 (continued) 



No. 


X X' X* 


A 


B 


R 1 


R* 


R« 


R* 


68 


0 - - 


OH 


H 


Me 


Me 


(R.-XR< 


-)N- = Q13 


69 


0 - - 


OH 


H 


He 


Me 


(R.-XR, 


-)N- = Q14 


70 


0 - - 


OH 


H 


He 


Me 


(R.-XR, 


-)N- = Q15 


71 


0 - - 


OH 


H 


He 


Me 


(R.-XR4 


-)N- > Q16 


72 


0 - - 


OH 


H 


He 


Me 


(R.-XR, 


-)N- = Q18 


73 


0 - - 


OH 


H 


Me 


Me 


(R.-XR, 


-)N- = Q24 


74 


0 - - 


OH 


H 


Me 


Me 


(Ra-XR* 


r)N- = Q27 


75 


0 - - 


OH 


H 


He 


Me 


(R*-XR< 


-)N- = Q28 


76 


0 - - 


OH 


H 


He 


Me 


(R.-XR, 


r)N- = Q29 


77 


0 - - 


OH 


H 


He 


Me 


(R.-XR, 


r)N- = Q30 


78 


0 - - 


OH 


H 


Me 


Me 


(R.-XR, 


i-)N- = Q88 


79 


0 - - 


OH 


H 


Me 


Me 


(R.-XR, 


r)N- = Q84 


80 


0 - - 


OH 


H 


Me 


Me 


(R.-XR, 


.-)N- = Q35 


81 


0 - - 


OH 


H 


Me 


Me 


(R.-XR, 


i-)N- = Q86 


82 


0 - - 


OH 


H 


Me 


Me 


Me 


Me 


83 


0 - - 


OH 


H 


Me 


Me 


n-Pr 


n-Pr 


84 


0 - - 


OH 


H 


Me 


Me 


i-Pr 


i-Pr 


85 


0 - - 


OH 


H 


Me 


Me 


c-Pr 


c-Pr 


86 


0 - - 


OH 


H 


Me 


Me 


n-Bu 


n-Bu 


87 


0 - - 


OH 


H 


Me 


Me 


i-Bu 


i-Bu 


88 


0 - - 


OH 


H 


Me 


Me 


sec-Bu 


sec-Bu 


89 


0 - - 


OH 


H 


Me 


Me 


t-Bu 


t-Bu 
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Table 1 (continued) 



11 _ 

No. 


X X X 


A 


B 


R' 


R 8 


R' 


R* 


on 

yu 


n 

u - 


UH 


H 


Me 


Me 


n-Pen 


n-Pen 


yi 


n 

U - - 


nu 
UH 


it 
H 


Me 


Me 


n-Hex 


n-Hex 


09 


n 

U - 


OH 


H 


Me 


Me 


c-Pen 


c-Pen 


09 


n 

u - 


nu 

OH 


H 


Me 


Me 


c-Hex 


c-Hex 


0 A 


n 

u - - 


mi 

OH 


H 


Me 


Me 


Ph 


Ph 


yo 


n 

U - - 


mi 

OH 


H 


Me 


Me 


CHaPh 


CHaPh 


oc 

yo 


n 

u - - 


nu 

OH 


H 


Me 


Me 


H 


C(S)NHBt 


07 

y r 


n 

U - - 


nu 

OH 


1 1 
H 


Me 


Me 


H 


C(S) NH-n-Pr 


yo 


n 

U - - 


OH 


H 


Me 


Me 


H 


C(S) NH-i-Pr 


n n 


0 - 


OH 


H 


Me 


Me 


H 


C(S)NH-c-Pr 


1 AO 

1UU 


n 

u - - 


nu 

OH 


H 


Me 


Me 


H 


C(S)NH-n-Bu 


1U1 


n 

U - - 


nu 

OH 


H 


Me 


Me 


H 


C(S)NH-i-Bu 


Luc 


n 

U - - 


nu 

OH 


H 


Me 


Me 


H 


C(S)NH-sec-Bu 


1 OQ 


n 

u - - 


nu 

OH 


H 


Me 


Me 


H 


C(S)NH-n-Pen 


104 


o - - 


OH 


H 


Me 


Me 


H 


C(S)NH-c-Pen 


105 


o - - 


OH 


H 


Me 


Me 


H 


C(S)NH-n-Hex 


106 


0 - - 


OH 


H 


Me 


Me 


H 


C(S)NH-c-Hex 


107 


0 - - 


OH 


H 


Me 


Me 


H 


C(S)NHPh 


108 


0 - - 


OH 


H 


Me 


Me 


H 


C(S)NHCH 8 Ph 


109 


0 - - 


OH 


H 


Me 


Me 


H 


C (N-CN) NHMe 


110 


0 - - 


OH 


H 


Me 


Me 


H 


C(N-CN) NHBt 


111 


0 - - 


OH 


H 


Me 


Me 


H 


C(M-CN) NHBt 
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Table I (continued) 





No. 


x r X a 


A 


B 


R' 


R s 


R 3 


R 4 


10 


112 


0 - - 


OH 


H 


Me 


Me 


H 


C(N-CN)NH-n-Pr 


15 


113 


0 - - 


OH 


H 


Me 


Me 


H 


C(N-CN)NH-i-Pr 


114 


0 - - 


OH 


H 


Me 


Me 


H 


C(N-CN)NH-c-Pr 




115 


0 - - 


OH 


H 


Me 


Me 


H 


C(N-CN)NH-n-Bu 


20 


116 


0 - - 


OH 


H 


Me 


Me 


H 


C(N-CN)NH-i-Bu 




117 


0 - - 


OH 


H 


Me 


Me 


H 


C(N-CN)NH-sec-Bu 


25 


118 


0 - - 


OH 


H 


Me 


Me 


H 


C(N-CN)NH-n-Pen 




119 


0 - - 


OH 


H 


Me 


Me 


H 


C(N-CN)NH-c-Pen 




120 


0 - - 


OH 


H 


Me 


Me 


H 


C(N-CN)NH-n-Hex 


30 


121 


0 - - 


OH 


H 


Me 


Me 


H 


C(N-CN)NH-c-Hex 




122 


0 - - 


OH 


H 


Me 


Me 


H 


C(N-CN)NH-Ph 


35 


123 


0 - - 


OH 


H 


Me 


Me 


H 


C(N-CN)NH-CH 2 Ph 




124 


0 - - 


OH 


H 


Me 


Me 


Me 


n-Pr 




125 


0 - - 


OH 


H 


Me 


Me 


Bt 


n-Pr 


40 


126 


0 - - 


OH 


H 


Me 


Me 


n-Pr 


h-Bu 




127 


0 - - 


OH 


H 


Me 


Me 


n-Pr 


n-Pen 


45 


128 


0 - - 


OH 


H 


Me 


Me 


n-Pr 


c-Pen 




129 


0 - - 


OH 


H 


Me 


Me 


Bt 


n-Hex 




130 


0 - - 


OH 


H 


Me 


Me 


Et 


Ph 


50 


131 


0 - - 


OH 


H 


Me 


Me 


n-Pr 


CH,Ph 



55 



The compounds of formula (I) of the present invention have asymmetric carbon atoms at the 3- and 4-positions in 
the pyran ring and therefore include opticallyty active substances based on the asymmetric carbon atoms. Such optically 
active substances may also be used in the present invention, like the racemic modifications. In addition, stereoisomers 
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based on the 3- and 4-positions in the pyran ring may also be used. W the compounds may form salts, their pharmaco- 
logically acceptable salts may also be used as the active ingredients of the present invention. 

Methods for producing the compounds of formula (I) of the present invention will be mentioned below. 

Of the compounds of formula (I), compounds in which X is an oxygen atom and R3 and R4 do not simultaneously 
5 form C(=Y)ZR8 are obtained, as shown by the following reaction scheme, by reacting a compound of formula (3) with a 
compound of formula (4) in an inert solvent. The compounds in which A represents OH are shown in formula (5). The 
compounds in which A forms a single bond together with B are shown by formula (6). 



10 



15 



20 



25 



30 




The solvent usable for the reaction of the compound (3) and the compound (4) includes, for example, sulfoxide 
35 solvents such as dimethylsuHoxide, amide solvents such as dimethylformamide and dimethylacetamide, ether solvents 
such as ethyl ether, dimethoxyethane and tetrahydrofuran, and alcohol solvents such as methanol, ethanol and isopro- 
panol. Of these, preferred are alcohol solvents. 

The reaction temperature of reacting the two compounds (3) and (4) may be from ice-cooled temperature to the 
reflux temperature for the reaction solvent used, preferably at the reflux temperature for the solvent used. If desired, the 
40 reaction may be conducted under pressure. 

Regarding the molar ratio of the starting compounds, the ratio of compound (4)/compound (3)(by molar ratio) is 
within the range of from 0.5 to 2.0. preferably from 1 .0 to 1 . 1 . 

Either the compound of formula (5) or the compound of formula (6) is obtained by the reaction, depending on the 
reaction conditions or the conditions for the post-treatment after the reaction which will be mentioned in detail hereunder. 
45 Precisely, the compound of formula (6) is obtained by reacting the compound of formula (3) and the compound of formula 
(4) in tetrahydrofuran in the presence of sodium hydride. However, the compound of formula (5) may also be obtained 
by the same reaction, depending on the reaction conditions (e.g.. reaction time, reaction temperature, etc.). 

As the case may be. the compound of formula (5) obtained by the reaction is often dehydrated, depending on the 
difference of the post-treatment of the compound formed by the reaction. For instance, when the reaction solution con- 
50 tains an acid or alkali and when it is directly heated and concentrated without removing the acid or alkali by rinsing, the 
compound formed in the reaction solution will often be dehydrated. 

However, the dehydrating conditions are apt to be influenced by the kind of the compound formed, the reaction 
conditions and the conditions for the post-treatment. 

Of the compounds of formula (I) of the present invention, the compounds in which X is an oxygen atom and either 
55 R3 or R4 represents C(=Y)ZR6 are obtained according to the reaction scheme mentioned below, in which a compound 
of formula (3) is reacted with a compound of formula (7) in an inert solvent to give a compound of formula (8) and the 
compound of formula (8) is reacted with R6NCY(RSNCO, R^NCS) or CIC0 2 R8 to give a compound of formula (9) or (10). 
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In the reaction schemes. Z represents N(R») or an oxygen atom or sulfur atom; W represents a chlorine atom, a 
bromine atom, an iodine atom, a lower alkyisuHbnate. a benzenesulfonate or a toluenesuifonate. 

According to the reaction scheme mentioned above, a compound in which R3 and R* together form a ring is obtained 
by cyclizing the compound represented by formula (1 1). 

The starting compounds of the following formula (3): 
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wherein Ri and R* have the same definitions as those in formula (0. may be obtained according to the reaction scheme 
mentioned below. The whole flow for obtaining them are shown below. 




18 



Precisely, a compound of formula (13): 
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10 



15 



20 



25 



30 



(13) 



T^L J ^ k 88018 def,n,tIon8 as those in form "'a (I), is treated with sodium hypochlorite (NaOCI) to give 

= •■ =°»'J Uie resultn 9 compound is then reacted with a reducing agent having an ability of removing anT3e tvoe 

2i£^2tt rjr^v, 6 (NaN3) ° r ^ Ph0sphite < P (° Et >3). * *• a cS^un^hTchTs^SenS 
Wh ' Ch X a0d X 3re ^ absent (Compound 3(Xi - X* - -))• When Compound 3 <* ?X* ! - Is 

£2?JT 5^ °" e ^T 8 ' 8 ? 1 am ° Unt * 3 SUitabl8 P8racid (e fl - ™*loroperbenzoic acid, hydrogen peroxide, per 
' h8 * I s " a f ply hereunder). th6n a ^"^nd «hich is represented by formute(3) and in which £ i 
^ Th * ,8 . ab T (Comp ° Und 3 PP o o. 3P - -)) is obtained. When more than one equivalent* Tthe 

pemcKj^used ( n the reason then a compound of formula (3) in which * and X* are both oxygen atoms (Compound 

J £ed7 C^r! ?S SSSiS' C ° mP0 8 (1 3) «*» obte,ned * methods (for exJp.e.Ter to 

Compound 3 (X1 = O. X* = -) may also be obtained by treating a compound of formula (14): 



(14) 



St ZT^ ^^, ^ rT ' 80 L e ! ,ni,i0nS 88 mOSO tormula "th^m hypochlorite. The compound of formula 
by ^ meth L ° ds (tor « ani P te . to *e above-mentioned literature). The soTvent usable Z 

^ 8S< l V ! ntS 8U * 38 dimethyHbrmamide or dimethylacetamide. ether solvents such as 
?^rTZ\t™ T T ° r '^ ahydrofuran ' and ha'ogen compound solvents such as methylene chloride andchS 
reform. Of these, preferred are halogen compound solvents. 

The reaction temperature may be from an ice-cooled temperature to the reflux temperature for the taction solvent 
usad ^ a ^!?*^'^ the reflux temperature the solvent used. If desired, the reaction ^^b^^nduc/^di^dwpT^^jra 

naJHSK" ?!° * th8 Starting oompounds. the ratio of compound (8)/Y=C=N-Re or QC(0)OR8 (bymolar 
ratio) is within the range of from 0.5 to 2.0. preferably from 1 .0 to 1 1 

Of the compounds of formula (I) of the present invention, compounds in which X is a sulfur atom or a nitrogen atom 

oTfonlta^fSS ° f V?" X 8 hydr ° 98n at ° m ° r a °^ »** may be synthSizS bya^mpoS 
£ ( l? ? 7 fOUrStepS - The convereion «* *e compound of formula (1 5) into a compound of formX 1* 

■ d88Crib8d in Japane8e Patent Laid-open Zsho 56-57785 and 

it with ™° ( ^ undo "°<™ la ( 1 7) *then subjectedtoconverrtfonaldiazotation. for example, by tr^ting 

iSSr^ !„> h 80 i qU80US S0 ' Ut,0n in the presence 01 *" *W* acid such as hydrcchloricacid or sulfuric 
acid or an organic acid such as acetic acid, and thereafter cyclized under heat at 5 to 100-C preferably at 50 to 100 
°C to give a compound of formula (18) where X is a nitrogen atom prereraay at 50 to 100 

A compound of formula (I) in which A and B together form a single bond may often be formed by merely heatina 

of formula (18) or during the post-treatment of the same. If desired, it may also be synthesized by dehydratino the 
ss SI ^ Sn «" *** 88 »— ic - — o aly^o^wS^^h 8 

(18) orteTSl^? (0 in * iCh X iS an alk *amino fl^up may be obtained by reacting the compound of formula 
(18) or its dehydrate wrth diazomethane or with an alky! halide in the presence of potassium carbonate 

,Jr a< ^ P °^ <* tom,ula < 17 > m ay be reacted with thionylaniline in an inert solvent, such as benzene, toluene 
xylene or dichlorobenzene, to give a compound of formula (20) in which X is a sulfur atom. 



35 



40 



45 



SO 
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The reaction temperature for the reactions may be at 5 to 1 20 °C , preferably 50 to 100 °C. 

A compound of formula (I) in which A and 8 together form a single bond may often be formed by merely heating 
the compound of formula (20). Therefore, the former may often be obtained during the synthesis reaction of the compound 
of formula (20) or during the post-treatment of the same. If desired, it may also be synthesized by dehydrating the 
compound of formula (20) with an acid anhydride such as benzoic anhydride or acetic anhydride or with a base such 
as potassium carbonate. 
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In these reaction schemes, Z represents N(R9) or an oxygen or sulfur atom; and W represents a chlorine atom, 
a bromine atom, an iodine atom, a lower alkylsuifonate, a benzenesulfonate or a toluenesuHbnate. 
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Of the compounds of formula (15), a compound of formula (24) where R3 and R 4 both do not represent C(-Y)ZR6 

i™ 3 ™!^ 4 thiS 0386 d ° not s,mu,taneous, y inc,ude C(=Y)ZR6) may be obtained by reacting a compound of formula 
(23) and a compound of formula (4) in an inert solvent. 

The solvent to be used for the reaction of the compound of formula (23) and the compound of formula (4) includes 
for example, sulfoxide solvents such as dimethylsulfoxide, amide solvents such as dimethyHbrmamide or dimethylaceta- 
mide, ether solvents such as ethyl ether, dimethoxyethane or tetrahydrofuran, and alcohol solvents such as methanol 
ethanol or isopropanol. Of these, preferred are alcohol solvents. 

The reaction temperature may be from the ice-cooled temperature to the reflux temperature of the reaction solvent 
used, temperature, the reaction temperature is preferably at the reflux temperature for the solvent used. If desired the 
reaction may be conducted under pressure. 

Regarding the molar ratio of the starting compounds, the ratio of compound (4)/compound (23) (by molar ratio) is 
within the range of from 0.5 to 2.0, preferably from 1 .0 to 1 . 1 . 

Of the compounds of formula (15), compounds of formulae (26) and (27) in which either of R3 and R 4 represents 
C(=«Y)ZR6 may be obtained according to the reaction scheme mentioned above, in which a compound of formula (23) 
is reacted with a compound of formula (7) in an inert solvent to give a compound of formula (25) and the resulting • 
compound is reacted with R6NCY (R6NCO. R6NCS) or with CIC0 2 R6 to give a compound of formula (26) or (27) 

A compound of formula (29) in which R3 and R 4 together form a ring may be obtained by cyclizing a compound of 
formula (28), according to the reaction scheme mentioned below. 

CH 3 C(0)NH y^X^H ^ CH 3 C(0)NH^^L 

(28) (29) 

The solvent to be used for the reaction of the compound of formula (25) and the compound of Y=C=N-R6 or 
CIC(Y)OR6 includes, for example, sulfoxide solvents such as dimethylsulfoxide. amide solvents such as dimethylforma- 
mide or dimethylacetamide. ether solvents such as ethyl ether, dimethoxyethane or tetrahydrofuran, and halogenated 
compound solvents such as methylene chloride or chloroform. Of these, preferred are halogenated compound solvents 

The reaction temperature may be from the ice-cooled temperature to the heated reflux temperature, the reaction 
temperature of the reaction solvent, preferably at the reflux temperature for the solvent used. If desired the reaction 
may be conducted under pressure. 

Regarding the molar ratio of the starting compounds, the ratio of compound (25)/Y=C=N-R6 or CIC(Y)OR« (by molar 
ratio) is within the range of from 0.5 to 2.0, preferably from 1 .0 to 1 . 1 . 

Of the compounds of formula (I) of the present invention, those where A is an acyl group may be obtained by reacting 
a compound of formula (30) with an acylating agent in an inert solvent in the presence of a suitable base accordino to 
the reaction scheme mentioned below. 
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10 



x. R V R4 

(30) 



X 1 
I 

N 



N 



(31) 



75 



20 



25 



30 



The solvent to be used for the reaction includes, for example, sulfoxide solvents such as dimethylsuHbxide, amide 
solvents such as dimethylformamide or dimethylacetamide. ether solvents such as ethyl ether, dimethoxyethane or tet- 
rahydrofuran, and halogenated compound solvents such asdichloromethane, chloroform or dichloroethane. The reaction 
may be conducted in the absence of the solvent. The base to be used for the reaction includes, for example, triethylamine 
pyridine, dnsopropylethylamine and DBU (diazabicycloundecene). The acylating agent includes acid halides such as 
acid chlorides and acid bromides, and acid anhydrides. The reaction temperature compounds may be from an ice-cooled 
temperature to the reflux temperature for the reaction solvent used. 

Regarding the molar ratio of the starting compounds, the ratio of the compound of (30) to the acylating agent is 
within the range of from 0.5 to 2.0. preferably from 1 .0 to 1 .1 . 

Of the compounds of formula (I) of the present invention, compounds in which R4 is NC(N-CN)NHR9 may be obtained 
according to the reaction scheme mentioned below, in which a compound of formula (32) is reacted with carbodiimide 
in an inert solvent, then subjected to removing hydrogen sulfide and thereafter reacted with cyanamide to give a com- 
pound of formula (33). A compound of formula (34) in which R3 and R4 together form a cyclic thiourea may also be led 
to a compound of formula (35) by the same reaction process. 
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Of the compounds of formula (I) of the present invention, optically active isomers may be produced, for example, 
by methods of optical resolution of racemic modifications (see Japanese Patent Laid-Open Application No. 3-141286, 
U.S. Patent No. 5,097,037, European Patent No. 409.165) and methods of asymmetric synthesis (see Japanese Patent 
Application LaidOpen No. 5^301878, European Patent No. 535,377). 

As mentioned above, the present inventors have found that the compounds of formula (I) have a strong activity of 
reinforcing the contraction of cardiac muscles and also have a strong activity of reducing the rate of heart beats. Since 
the compounds of the present invention have no activity of retarding cardiac functions but rather have an activity of 
enhancing the contraction of cardiac muscles, they may exert the activity of reducing the rate of heart beats even when 
they are administered in the same amount as that necessary for expressing the cardiotonic activity. Because of their 
activities, it is considered that the compounds according to the present invention may reduce the amount of oxygen to 
be consumed by cardiac muscles to therefore reduce the motility load of cardiac muscles and exert the anti-stenocardiac 
activity. In addition, it is also considered that they have an activity of prolonging the effective refractory period to thereby 
exert an anti-arrhythmic activity. Therefore, it is expected that the compounds of the present invention are useful for 
curing cardiovascular disorders in consideration of the oxygen consumption, the energy consumption or the metabolism 
caused by the cardiac motility and also for curing other cardiac disorders essentially in consideration of the activity of 
the compounds of reducing the rate of heart beats. For example, the compounds of the present invention are useful as 
medicines for cardiac insufficiency of mammals including human beings and also as medicines for curing cardiovascular 
disorders causing cardiac insufficiency of them such as, for example, as medicines for curing ischemic cardiopathy, 
medicines for curing hypertension, medicines for curing cardiac fluid retention, medicines for curing pulmonary hyper- 
tension, medicines for curing valvulitis, medicines for curing congenital cardiac disorders, medicines for curing cardi- 
omuscular disorders, medicines for curing pulmonary edema, medicines for curing angina of effort, medicines for curing 
myocardial infarction, medicines for curing arrhythmia, and medicines for curing atrial fibrillation. 

The present invention provides pharmaceutical compositions containing an effective amount of the compounds of 
formula (I) for curing these diseases. 

As the manner of administratiion of the compounds of the present invention, there may be mentioned parenterally 
administration by injections (subcutaneous, intraveneous. intramuscular or intraperitoneal injection), ointments, suppos- 
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itories or aerosols, or an oral administration in the form of tablets, capsules, granules, pills, syrups, liquids, emulsions 
or suspensions. 

The above pharmacological or veterinary compositions of the present invention contain the above-mentioned com- 
pounds of the present invention in an amount of from about 0.01 to 99.5 % by weight, preferably from about 0 1 to 30 
% by weight, based on the total weight of the composition. 

To the compounds of the present invention or to the compositions containing the present compounds, other phar- 
macologically or veterinarily active compounds may be incorporated. Further, the compositions of the present invention 
may contain a plurality of the compounds of the present invention. 

The clinical dose of the compounds of the present invention varies depending upon the age, the body weight the 
sensitivity or the symptom etc. of the patient. In general, however, the effective daily dose is usually from about 0 003 
to 1 .5 g, preferably from about 0.01 to 0.6 g for an adult. If necessary, however, an amount outside the above range may 
be employed. 

The compounds of the invention may be prepared into various suitable formulations depending upon the manner 
of administration, in accordance with conventional methods commonly employed for the preparations of pharmaceutical 
formulations. 

Namely, tablets, capsules, granules or pills for oral administration, may be prepared by using excipients such as 
white sugar, lactose, glucose, starch or mannitol; binders such as hydroxypropyl cellulose, syrups, arabic gum. gelatin 
sorbitol, tragacanth gum, methyl cellulose or polyvinylpyrrolidone; disintegrants such as starch, carboxymethyl cellulose 
or its calcium salt, crystal cellulose powder or polyethylene glycol; lubricants such as talc, magnesium or calcium stearate 
silica, and smoothers such as sodium laurate, glycerol, etc. 

The injections, solutions (liquids), emulsions, suspensions, syrups or aerosol may be prepared using a solvent for 
the active ingredient such as water, ethyl alcohol, isopropyl alcohol, propylene glycol. 1 ,3-butylene glycol or polyethylene 
glycol; surfactants such as sorbitan fatty acid esters, pdyoxyethylene sorbitan fatty acid esters, polyoxyethylene fatty 
acid esters, polyoxyethylene ether of hydrogenated castor oil. lecithin; suspending agents such as cellulose derivatives 
such as sodium salt of carboxymethyl, cellulose derivatives such as methyl cellulose or natural rubbers such as traga- 
canth or arabic gum; or preservatives such as para-hydroxybenzoic acid, benzalkonium chloride, salts of sorbic acid etc 

Ointments which are an endermic preparation may be be prepared by using. e.g., white vaseline, liquid paraffin, 
higher alcohols, Macrogol ointment, hydrophilic ointment base or hydrogel base, etc. 

The suppositories may be prepared by using, e.g.. cacao butter, polyethylene glycol, lanolin, fatty acid triglycerides 
coconut oil, polysorbate. etc. 

Best Mode for Carrying Out the Invention 

Now the present invention is explained referring to examples, but it is not to be limited to these examples. 
[SYNTHESIS EXAMPLES] 

Synthesis examples of preparing the compounds which are usable as medicines of the present invention are given 
below. 

REFERENCE EXAMPLE 1: 

Synthesis of Optically active 7,8<lihydro-6.6<limethyl^ 

To 300 ml of a methylene chloride solution containing 40 g (1 98 mmol) of 6.6-dimethyl-6H-pyrano[2. 3-f]benzo-2 1 3- 
oxadiazole were added 2.44 g (3.7 mmol) of (R.RH1.2-bis[3,5«ii-t-buty^^ 

acetate. (The production of the acetate is described in Japanese Patent Application Laid-Open No. Hei 5-507645 and 
European Patent No. 521.099.) The mixture was added with 1.2 liters of an aqueous solution of sodium hypochlorite 
(active chlorine content: 5 %). While adjusting the pH of the reaction system at 1 1 .3 with a pH-stat. aqueous solution of 
0.5 N-sodium hydroxide was added thereto. The resulting solution was stirred at room temperature for 10 hours After 
stopping the stirring, the solution was allowed to stand at room temperature overnight. The reaction solution was 
extracted with chloroform (300 ml x 1 ; 200 ml x 1 ; 50 ml x 1) and dried over anhydrous sodium sulfate, and the solvent 
was dist.lled off under reduced pressure. The residue was subjected to silica gel column chromatography (benzene : 
ethyl acetate = 5:1) and again to silica gel column chromatography 

(benzene -* benzene - ethyl acetate = 5:1), 

and the crystals obtained were recrystallized from ethanol (60 ml) to obtain 1 5.7 g of the intended compound, (yield: 36 
%) 
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optical purity > 99 % ee. 

Column: Chiralcell OJ (of Daisel Chemical Industries, Ltd.) 
Mobile Phase: Hexane : isopropanol = 4:1 
Detection: UV 254 nm 
Flow Rate: One ml/min 
Column Temperature: 40 °C 
Retention Time: 9.2 min. 

REFERENCE EXAMPLE 2: 

Synthesis of Enantiomer of Compound of Reference Example 1 

Pv*™.! i anti0m % ox ! m 6 o 0 ^^ of Reference Example 1 was synthesized in the same manner as in Reference 
Exarrtple1,us.ng£ t SHl t 2.b.s(3,5<i.^ 
is uct was 20.8 Q (48 %). 

Optical purity > 99 % ee 

[retention time: 12.5 min]. 
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SYNTHESIS EXAMPLE 1: 

Synthesis of 7.8<iihydro-6,6<limethyl-7-h^ ,3-oxadiazole-3-oxide: 



O 



Me 



iM JT 9 mmol) 01 3 ' 4 ^ i ^ r °- 2 . 2 ^ im e^-3-hydroxy-4<liefhylamino-6-amino-7-n^ 
\ ^TT^l SOdium h y droxide - 32 o» ««hanol, 6 ml of water and 0.1 ml of polyethylene glycol were stirred 

£ "j? (2 ,: 10 /™ no1 ' * a^ 60 " 8 6 % NaOCI so'"tion were added to the resulting solution and stirred for 15 
*o ZTZi "K? *** P 0 "^ int0 Wat6r ^ axtracted ,hrice with ethyl acetate. The ethyl acetate layers were 

!I^L and then washed with water, then saturated saline solution, and dried over anhydrous sodium sulfate. The 
solvent was distilled off. and the residue was subjected to silica gel column chromatography (eluent: ethyl acetate - 
hexane - 1 : 2 (v/v)) to obtain 189 mg of the intended compound, (yield: 41 %) A part of the compound thus obtained 
wasdjssolved in ethanol. and HCI-EtOH solution and absolute ether were added thereto in order whereupon hydrochlo- 
ride of the compound was obtained as yellow crystals The salt had the following properties- 
45 m.p.: 160 to 164 «C (decomposition) 

NMR (CDCI 3 )6 (ppm): 1.15(6H). 1.26(3H). 1.52(3H). 2.64-3. 14(5H). 3,56(1H). 3.85(1H). 6.57(1H). 7.30(1H) 
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SYNTHESIS EXAMPLE 2: 
Synthesis of 7.8^hydro-6.6«^ 



10 



15 




I'L lay^^T ^ ydrOX,de ■ 4 ml " dlchtora ^thane and 1 0 mg of Bi^N^Br- were stirred at room temperature 
™*<ZL l ? ] ° 6 % NaOCI SO,utlon were **« reacted for 9 hours whileTtirring ai 

ratur t- TI ? eo i r 9 an,c ^was separated, and the aqueous layer was extracted twice with methylene chloride. 
The methylene chloride layers were combined, washed with water and dried over anhydrous sodium sulfate and the 

25E °SJ* r ^ Ue w^ ieCted t0 SHICa 961 CO,umn chromatography (eluent: ethyl acetate - hexane 
-1.3 (v/v)) to obtain 297 mg of the intended compound as oil. (yield: 43 %) A part of the compound thus obtained was 
d.ssolvedin ethanol and HCI-EtOH and dry ether were added thereto in order whereupon hyo^S 
compound was obtained as yellow crystals. "nienaea 
m.p.:210-213°C. 

30 SYNTHESIS EXAMPLE 3: 

Synthesis of AS^iriydro-e.e^ime^^ 



o 



w n <yV oh 



50 



55 



a ,o!« Z °'7 ,8 : d,n ^ ro ^ 6 ^ im *W-7- h yd ro ^^^ .3-oxadi- 

St r 3 ^^° b ^t m 1 , y ?! ,eSK ^ ample , 2 - 6 m, ° f eth y |ene 9'y«>' and 60 mg (0.93 mmol) of NaN 3 were heated at 
JLnJn-^H fof 1-2 "ours. After cooled, the reaction liquid was poured into water and extracted thrice with 
USSS^ ™ ° r0,0rrr, lay !^ Were combined and dried over anhydrous sodium sulfate, and the solvent was then 
disbUed oft The rescue was subjected to column chromatography (eluent: ethyl acetate - hexane =1.3 (v/v)) to obtain 

T^7a^C^XZZT^ ( II e ' d L 30 %) A " *• CO " VOund 101,6 obtained was dissolv ^ ethanol/ethyl 
ether ^ ^£ H ^J*«* thereto whereupon hydrochloride of the compound was obtained as pale yelowcrystals. 
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SYNTHESIS EXAMPLE 4: 

Synthesis of 7,8-djhydro-6.6Kiimethyl-7-hydrQxy-8-(1 -pyrrolldinyl)-6H-pyrano[2,3-f]ben2o-2, 1 ,3-oxadiazole: 



o 



10 



15 



20 



25 



30 



,„ ,_ 150 T 9 ./ 0687 mrTK)| ) of 7 -8<lihydro^,6^imethyl-7.8-epoxy-6Hi3yiranoD2,3-fIbenzo-2.1,3-oxadiazolG. 63 it / 
(0.756 mmol) of pyrrolidine and 2 ml of ethanol were refluxed for 31 hours while stirring. The solvent was distilled off 
and the residue was subjected to partitioning thin-layer chromatography (eluent: ethyl acetate - hexane =11 (vM) to 
°^fuo 1 , 2 ^ 0 ' ** ^ ded G ° mpOUnd «> %) A part of the compound thus obtained was dissolved in dry ether 
and HCi-EtOH was added thereto whereupon hydrochloride of the compound was obtained as pale yellow crystals 
m.p: 208 to 209 °C. 

SYNTHESIS EXAMPLE 5: 

Synthesis of 7,8^ihydro-6,6-dimethyl-7-hydroxy-8-methylamino-6H-pyrano[2 > 3-f]benzo-2.1 ,3-oxadiazole: 



H_MC 
N 



35 Q. I I L-Me 

300 ™° (1 " 37 mmo1 ) 01 7 . 8 ^ ih y*o-6.6^imethyl-7.8-epoxy-6Hi>yrano[2,3-f]benzo-2 > 1.3-oxadi^ 0.53 g of 
40 aqueous 40 % methylamine solution and 15 ml of ethanol were stirred at 60 'C for 3 days, using a pressure tube After 

ethyl acetate - methanol - 10 : 1) to obtain 263 mg of the intended compound, (yield: 77 %) A part of the compound 
thus obtamed was dissolved in dry ether and HCI-EtOH was added thereto whereupon hydrochloride of the compound 
was obtained ascolorless crystals. 
45 m.p: 244.5 to 260 °C 
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SYNTHESIS EXAMPLE 6: 

Synthesis of 7.8-dihydro-6,6<limethyl-7-hydr^ ,3-oxadiazole: 



w 



15 



20 



H. N ,CH 2 
.Me 



150 mg (0.687 mmol) of 7,8<lihydro^,6<limetlTyl-7,8-epoxy-6H^ 86 ll / 

(0.756 mmol) of 4-fluorobenzylamine and 2 ml of ethanol were refluxed for 20 hours while stirring. The solvent was 
distilled off. and the residue was subjected to partitioning thin-layer chromatography (eluent: ethyl acetate - hexane = 1 
: 2) to obtain 204 mg of the intended compound as an oil. (yield: 86 %) A part of the compound thus obtained was 
dissolved in dry ether and HCI-EtOH was added thereto whereupon hydrochloride of the compound was obtained as 
colorless crystals. 

m.p.:207 to210°C. 

25 SYNTHESIS EXAMPLE 7: 

Synthesis of 7.8-dihydro-6,6<iimethyl-7-h^ 

30 



H. N .CH 2 - 



35 




40 



Using benzylamine. the intended compound was obtained in the same manner as in Synthesis Example 6 
NMR(60MHz, CDCI 3 .6ppm): 7.77(1H), 7.37-6.92(5H), 6.81(1H), 3.9-3.8(4H), 2.73(2H), 1.51(3H), 1.25(3H) 
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SYNTHESIS EXAMPLE 8 

Synthesis of 7,8^ihydro^6^imethyl-7-^ 



10 



15 



Me XN ^CH 2 




« ui ^ USi u, 9 N-methylbenzylamine. the intended compound was obtained in the same manner as in Synthesis Example 
6. Hydrochloride of the intended compound had a melting point of 148 to 150 °C. 

20 SYNTHESIS EXAMPLE 9: 

Synthesis of 7.8^ihydro-6,6<iimethy|.7^ 1 ,3-oxadiazole: 



25 



30 



35 



•JO 



OH 

Me 
CT "Me 



u a ^"H C ^° hex y ,amine - intended compound was obtained in the same manner as in Synthesis Example 6. 
Hydrochloride of the intended compound had a melting point of 208 to 2 1 0 «C. 

to SYNTHESIS EXAMPLE 10: 

Synthesis of 7.8-dihydro^.6-dimethyl-7-hydroxy-8-(4-methyl-1 -pipera2inyD-6H-pyrano(2.3-f]ben 2 o-2. 1 ,3-oxadiazole: 



45 



SO 



55 



Me 
I 



3 J J JL-Me 



Using N-methylpiperazine. the intended compound was obtained as yellow crystals in the same manner as in 
byntnesis Example 6. (yield: 75 %) 
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m.p.: 225 to 226 °C 

MS: 70(100 %), 246(56 %), 318(M\ 13 %) 
SYNTHESIS EXAMPLE 11: 

Synthesis of 7,8^ihydro-6 ( 6<limethyl-7-hydroxy-8-(1 -piperazinyt)-6H-pyrano[2.3-flbenzo-2,1 .3-oxadiazole: 



15 




Using piperazine, the intended oompound was obtained as pale yellow crystals in the same manner as in Sy 
thesis Example 6. (yield: 72 %) 
m.p.: 245 to 246 °C 
25 MS: 56(67 %). 232(1 00 %). 304(M\ 8 %) 

SYNTHESIS EXAMPLE 12: 
Syrrthesis of 7,8«Jihydro-6,6<iime^ 



35 



40 




45 



SO 



Using N-phenylpiperazine, the intended compound was obtained in the same manner as in Synthesis Example 
6. (yield: 75 %) 

MS: 132(100 %), 308(36 %), 380(M*. 32 %) 

Hydrochloride of the compound was obtained as colorless crystals. 

m.p.: 198 to 201 °C. 
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SYNTHESIS EXAMPLE 13: 

Synthesis of 7,8<iihydro-6.6<lini8thyl-7-hydroxy-8-(4-phenyl-1 -piperidinyl)-6H-pyrano[2,3-f]benzo-2, 1 ,3-oxadiazole: 

5 

Ph 

20 Using 4-phenylpiperidine, the intended compound was obtained in the same manner as in Synthesis Example 

6. (yield: 87 %) v 
MS: 186(21 %), 307(100 %), 379(M*. 4 %) 
Hydrochloride of the compound was obtained as colorless crystals, 
m.p.: 195 to 197 °C. 

25 

SYNTHESIS EXAMPLE 14: 

Synthesis of 7,8-dihydro-6.6-di methyl -7-hydroxy-8-(1 , 2,3. 4-tetrahydroisoquinolin-2-yl)-6H-pyrano[2.3-f]benzo-2,1 3- 
oxadiazole: 

30 



35 



40 




45 

Using 1 ,2,3.4-tetrahydroisoquinoline, the intended compound was obtained in the same manner as in Synthesis 
Example 6. (yield: 80 %) 

MS: 262(32 %), 279(100 %), 351(M\ 4 %) 
Hydrochloride of the compound was obtained as colorless crystals. 
50 m.p.: 188.5 to 190 °C. 
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SYNTHESIS EXAMPLE 15: 

Synthesis of 7,8Kfihydr<>6,6KJimetlTyl-7-hydroxy-8-(4-morpholinyl 1 ,3oxadiazote: 

5 



N 



15 




^ ^ Usin 9 nwpholine, the intended compound was obtained in the same manner as in Synthesis Example 6. (yield: 
20 m.p.: 185 to 186.5 °C. 

SYNTHESIS EXAMPLE 16: 

Synthesis of 7,8^ihydro-6,6<iimethyl-7-hydr^ 1 ,3-oxadiazole: 

25 

H. .(CH^OMe 
N 



30 




35 

Using 3-methoxypropylamine t the intended compound was obtained in the same manner as in Synthesis Example 
6. (yield: 60 %) 

MS: 177(100 %), 235(100 %), 289(MM8. 1 %) 
40 m.p.: 175.5 to 1 78 °C 

SYNTHESIS EXAMPLE 17: 

Synthesis of 7.8Kfihydro-6,6KJimetrtyl-7-hydrox^^ 3-oxadi- 
45 azole: 



Using ethyl 4-aminobutyrate, the intended compound was obtained in the same manner as in Synthesis Example 
6. (yield: 38 %) * 



34 



EP 0 693 283 A1 

Hydrochloride of the compound was obtained as colorless crystals, 
m.p.: 189 to 191 °C. 

SYNTHESIS EXAMPLE 18: 

Synthesis of 7,8Kiihydro-6,6<limethyl-7-hydrGxy^-e^ 
zole: 



H_ .CH 2 C0 2 Et 



15 




20 Using glycine ethyl ester, the intended compound was obtained in the same manner as in Synthesis Example 6 

(yield: 5%) * 
Hydrochloride of the compound was obtained as an orange oil. 

SYNTHESIS EXAMPLE 19: 

25 

Synthesis of 7,8KJitydro-6.6^imethyl-7-hydr^ 



N 



35 




Using 3-chloropropylamine. the intended compound was obtained in the same manner as in Synthesis Exan 
40 6. (yield: 20 %) 

Hydrochloride of the compound was obtained as colorless crystals, 
m.p.: 21 6 to 220 °C. 

SYNTHESIS EXAMPLE 20: 

45 

Synthesis of 7,8^iriydro-6.6<limethyl-7-hydrcxy^-(2-hydroxyethylamino)-6H -pyrano[2,3-f]benzo-2, 1 ,3-oxadiazole: 



50 

H. N „(CH 2 ) 2 OH 



55 




Using ethanolamine. the intended compound was obtained in the same manner as in Synthesis Example 6. (yield: 
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89%) 

Hydrochloride of the compound was obtained as colorless crystals 
m.p.:200to204°C. 

s SYNTHESIS EXAMPLE 21 : 

Synthesis of 7.8^ihydro-6 f 6^imethyl-7-hydroxy-8-amino-6H-pyrano[2,3-f]benzo-2,1 ,3-oxadiazole: 



10 



15 



OH 



20 



30 



35 



40 



45 



0.82 g (3.8 mmol) of /.SKJihydro-e.e-dimethyl-y.S-epoxy-eH-pyranop.S-flbenzo^, 1 ,3-oxadiazole were dissolved 
in 25 ml of 16.7 % IMH 3 -EtOH and reacted for at 60 °C for 48 hours in a pressure glass tube. TTie solvent was distilled 
off, and the residue was subjected to silica gel column chromatography (eluent: ethyl acetate - methanol = 5 : 1) to obtain 
0.77 g of the intended compound as a brown solid, (yield: 87 %) A part of the product was recrystallized from ethanol 
to obtain pure colorless crystals of the intended compound. 
25 m.p.:223to225°C 

NMR(CDCI 3 + DMSO-d8) 6(ppm): 1.26(3H), 1.49(3H), 2.80-3.30(5H), 3.33(1 H), 3.78(1 H), 6.82(1 H), 7.98MH) 
MS: 133(50%), 163(100 %). 235(M + , 3%) 1 * 



SYNTHESIS EXAMPLE 22: 

Synthesis of 7,8Kliriydro-6,6<iimetyl-7-h^ ,3-oxadiazole: 



o 

H .CNHMe 
N 



200 mg (0.850 mmd) of 7,8^ihydro-6,6<iimethyl-7-hydrox^^ 
and 20 ml of dichloromethane were stirred at room temperature, and 55 M (0.935 mmol) of methyl isocyanate were 
added thereto and stirred for 23 hours. The crystals precipitated were filtered to obtain 227 mg of the intended compound 
as colorless crystals, (yield: 92 %) 
m.p.:213to215°C 
so MS: 44, 202(30 %), 274(M*-H20. 6 %) 
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SYNTHESIS EXAMPLE 23: 



Synthesis of 7,8<fihydro-6,6<limethyl-7-hydrc*y-8-me^ ,3-oxadiazole: 



5 




s 

H J^NHMe 



10 



15 



200 mg (0.850 mmol) of 7,8<lihydro-6.6<Jimetriyl-7-hydroxy*-am^ 
and 20 ml of dichlorom ethane were stirred at room temperature, and 68 mg (0.935 mmol) of methyl isothiocyanate were 
20 added thereto and stirred for 23 hours. The crystals precipitated were filtered off to obtain 122 mg of the intended 
compound as colorless crystals, (yield: 47 %) 

m.p.:213to215°C 

MS: 91(62 %), 202(67 %), 290, 308(M', 27 %) 
25 SYNTHESIS EXAMPLE 24: 

Synthesis of 7,8<iihydro-6,6^imethyl-7-hydr^ 



200 mg (0.850 mmol) of 7,8<Jihydro-6,6^imethy1-7-hydrox^^ 
and 20 ml of dichloromethane were stirred at room temperature, and 102 \i I (0.935 mmol) of phenyl isocyanate were 
added thereto and stirred for 4 hours. The crystals precipitated were filtered off to obtain 203 mg of the intended com- 
45 pound as colorless crystals, (yield: 67 %) 
m.p.:215to217°C 

MS: 93, 163(56 %), 321(20 %), 354(M*. 10 %) 



30 



o 

H__CNHPh 
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40 



SO 
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SYNTHESIS EXAMPLE 25: 

Synthesis of 7,8^ihydro-6,6<Jimethyl-7-hydroxy-8-trichloroacetylureW 



o o 

II H 

XNHCCCb 



15 




200 mg (0.850 mmol) of 7,8<lihydro-6 f 6<Jimethy«-7-h^ 
and 20 ml of dichloromethane were stirred at room temperature, and 100 \l l (0.935 mmol) of trichloroacetyl isocyanate 
were added thereto and stirred for 5 hours. The crystals precipitated were filtered off to obtain 90 mg of the intended 
20 compoundas colorless crystal* (yield: 25 %) 

rap.: 248 to 250 °C 

MS: 44, 163(43 %), 422(M*. 2 %) 

SYNTHESIS EXAMPLE 26: 

25 

Synthesis of 7,8^iriydro-6.6^imethyl-7-h^ ! (3K) xadiazole: 




400 mg (1 .70 mmol) of 7,8Kiihydrc-6,6^imethyl-7-hydroxy-8-^ ,3-oxadiazole and 

40 ml of dichloromethane were stirred at room temperature, and 1 92 M (1 87 mmol) of 3-chloropropyl isocyanate were 
added thereto and stirred for 5 hours. The crystals precipitated were taken out by filtration to obtain 250 mg of the 
intended compound as pale yellow crystals, (yield: 41 %) 
45 m.p.:83t0 85°C 

MS: 41(53 %), 163, 318(93 %), 354(M*. 5 %) 
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SYNTHESIS EXAMPLE 27: 
Synthesis of 7,8-dihydro-6,6<iimethy^ 



O 

T ,CNH(CH 2 ) 2 Cl 

IN 




400 mg (1.70 mmol) off 7,8«iihydrc-6.6<Jimethyl-7-hydra^ ,3-axadiazole and 

40 ml of dichloromethane were stirred at room temperature, and 200 \l £ (1 .87 mmol) of 2-chloroethyl isocyanate were 
20 added thereto and stirred for 6 hours. The crystals precipitated were filtered off to obtain 480 mg of the intended com- 
pound as colorless crystals, (yield: 83 %). 
m.p.: 178 to 180 °C 

MS: 87(57 %), 163, 304(78 %), 340(M*. 8 %) 
25 SYNTHESIS EXAMPLE 28: 

Synthesis of 7,8^ihydro-6,6<limethyl-7-hydro^^ t t 3-cxadiazole: 




200 mg (0.850 mmol) of 7,8<lihydro-6,6<limethyl-7-hydroxy^^ 
and 20 ml of dichloromethane were stirred at room temperature, and 92 M (0.935 mmol) of isopropyt isocyanate were 
added thereto and stirred for 6 hours. The crystals precipitated were filtered off to obtain 120 mg of the intended com- 
45 pound as colorless crystals, (yield: 44 %) 
m.p.: 201 to 203 °C 

MS: 43(40 %), 202, 302(20 %), 320(M + , 12 %) 
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SYNTHESIS EXAMPLE 29: 

Synthesis of 7,8^hydro^,6Klimethyl-7-hydroxy-8-ethoxycaibonylamino-6H -pyrano{2.3-f]benzo-2. 1 ,3-oxadiazole: 



O 

H. N .COEt 



OH 

Me 
Me 



Vi/ * ,r,eth y ,amine and 20 mg of dichloromethane were stirred at room temperature, and 1 1 4 a t (1 1 9 

mmol) of ethyl chloroformate were added thereto and stirred for 21 houis. The reaction liquid was washed thrice with 
water and then dried over anhydrous sodium sulfate. The solvent was distilled off, and the residue was subjected to 
silica gel column chromatography (eluent: ethyl acetate - methanol = 20 : 1 (v/v)) to obtain 227 mo of the intended 
compound as an yellow oil. (yield: 87 %) 
MS: 133(48%), 235. 307(M*. 25%) 

SYNTHESIS EXAMPLE 30. 

SYNTHESIS of 7.8^ihydro-6,6^imethyf-7-hydroxy^(2^ 1 3 . 

oxadiazole: 



30 




45 260 M (1 .87 mmol) of tr.ethylam.ne and 40 mg of dichloromethane were stirred at room temperature, and 1 93 a / (1 87 
mmol) of 2^oroethyl chloroformate were added thereto and stirred for 21 hours. The reaction liquid was washed thrice 
with water and then dr.ed over anhydrous sodium sulfate. The solvent was distilled off, and the residue was recrystallized 
from chloroform to obtain 507 mg of the intended compound as pale yellow crystals, (yield- 87 %) 
m.p.: 164 to 166 °C 

so MS: 1 33(48 %). 235, 307(M*. 25 %) 
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SYNTHESIS EXAMPLE 31 : 

Synthesis of y^^ihydro-e.G^imethyl-y-hydroxy-S-tg-oxo-a-oxazolin-l -yl)-6H-pyrano[2,3-f]benzo-2, 1 ( 3-oxadiazo!e: 

5 



10 




400 mg (1 .17 mmol) of the compound obtained in Synthesis Example 30, 3.24 g (23.4 mmol) of potassium car- 
bonate. 388 mg (2.34 mmol) of potassium iodide and 50 ml of absolute acetone were heated under reflux at room 
20 temperature tor 26 hours. After the mixture was cooled to room temperature, the insoluble matters were filtered off. ethyl 
acetate was added to the resulting filtrate, washed thrice with water. The compound thus obtained was dried over anhy- 
drous magnesium sulfate, and the solvent was distilled off, and the residue was subjected to silica gel column chroma- 
tography (eluent: ethyl acetate - methanol = 10:1 (v/v)) to obtain 339 mg of the intended compound as a brown oil. 
(yield: 94 %) A part of the product was recrystallized from ethyl acetate to obtain yellow crystals having the following 
25 physical data: 

m.p.: 177.5 to 180 °C 

MS: 43(25 %), 272, 287(65 %). 305(M + , 8 %) 
SYNTHESIS EXAMPLE 32: 

30 

Synthesis of 7,8^ihydrcH6,6<limetriyl-7-h^ -yl)-6H-pyrano[2.3-f]benzo-2, 1 ,3-oxadiazole: 




45 

The compound obtained in Synthesis Example 27 was processed in the same manner as in Synthesis Example 
31 to obtain the intended compound as colorless crystals, (yield: 34 %) 
m.p.:251 to 252.5 °C. 
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SYNTHESIS EXAMPLE 33: 

Synthesis of A8^ihydro-6.6^imethyl-7-^ 



,OH 



o f- L |sin 9fy cloh f x y , isocyanate, the intended compound was obtained as colorless crystals in the same manner as 
in Synthesis Example 22. {yield: 28 %) 
m.p.:203to206'C. 

SYNTHESIS EXAMPLE 34: 

Synthesis of 7.8«fihydro-6.6«Jimetr»W-7-hydro^^ 



O 

H, .CNH-t-Bu 
N 



OH 




e ^ US "iL fl iSOCyanate ' the tended compound was obtained as colorless crystals in the same manner as i 
Synthesis Example 22. (yield: 52 %) 
m.p.: 203 to 205 °C. 
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SYNTHESIS EXAMPLE 35: 

Synthesis of 7.8^ihydro-6,6Kiimethyl-7-h^ 1 (3 ^ xadia20 | e: 



10 



15 




20 



25 



Using methyl chloroformate, the intended compound was obtained as a yellow oil in the same manner as in 
Synthesis Example 29. (yield: 19 %) 

SYNTHESIS EXAMPLE 36: 

Synthesis of 7.8Kiihydro-6.6<iimethyl-7-hyd^ , ,3-0x^20,3; 



30 



s 

H .CNH-t-Bu 
N 



35 



Using t-butyl isothiocyanate, the intended compound was obtained in the same manner as in Synthesis Example 
23. (yield: 57 %) 

40 SYNTHESIS EXAMPLE 37: 
^ole^ S ^ 7 '^^ 

45 



50 




The compound obtained in Synthesis Example 26 was processed in the same manner as in Synthesis Exanple 
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31 to obtain the intended compound as colorless crystals, (yield: 39 %) 
m.p.:233to234°C. 

SYNTHESIS EXAMPLE 38: 

Se SiS * 7,8 ^^ r ^ 6,6 ^ imG%1 " 7 "^^ 1 ,3-oxa- 



O 

H. x .CO(CH 2 ) 3 Cl 
N 



Me 
Me 



Using 3-chloropropyl chloroformate, the intended compound was obtained as an yellow oil in the same manner 
as in Synthesis Example 30. (yield: 100 %) 

25 SYNTHESIS EXAMPLE 39: 

Synthesis of 7.8K»rtydro-6.6<limetnyl-7-nydroxy^^ , |3KB(ad i a . 

zole: 

30 



35 



40 




The compound obtained in Synthesis Example 38 was processed in the same manner as in Synthesis Example 
i to obtain the intended compound as colorless crystals. Meld- 34 9u\ 



31 to obtain the intended compound as colorless crystals, (yield* 34 %) 
45 m.p.:220to234°C. 
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SYNTHESIS EXAMPLE 40: 

Synthesis of 7,8<lihydro-6,6^imethyl-7-a^ 



w 



15 




One ml of pyridine and 130 mg (1.27 mmol) of acetic anhydride were added to 103 mg (0.34 mmol) of the com- 
pound obtained in Synthesis Example 1 and stirred at 80 to 90 °C for 2 hours. After cooled, the solvent was distilled off 
20 under reduced pressure, and the residue was subjected to silicagel column chromatography (eluent: ethyl acetate - n- 
hexane = 1:3 (v/v); Rf = 0.3) to obtain 90.4 mg of the intended compound as an yellow solid, (yield: 77 %) 

SYNTHESIS EXAMPLE 41: 
25 Synthesis of 7,8<«hydro-6,6^imethyl-7-hydroxy-8<iie 1 ,3-oxadiazole: 



35 




310 mg (1 .01 mmol) of the compound obtained in Synthesis Example 1 were dissolved in 3 g of benzene, and 
0.20 g (1.2 mmol) of triethyl phosphite were added thereto and heated at 60 °C for one hour. After cooled to room 
temperature, the compound thus obtained was stirred overnight. The solvent was distilled off under reduced pressure, 
40 and the residue was subjected to silicagel column chromatography (eluent: ethyl acetate - n-hexane = 1:3 (v/v); Rf = 
0.3) to obtain 267 mg of the intended compound as an yellow solid, (yield: 91 %) 

SYNTHESIS EXAMPLE 42: 
45 Synthesis of 7,8Kiihydro-6,6«Jimetrtyl-7-acetoxy^^ ,3-oxadiazole: 



50 



55 



E, -N- a 



N 



OCOMe 



Me 



2 ml of pyridine and 0.29 g (2.8 mmol) of acetic anhydride were added to 220 mg (0.75 mmol) of the compound 
obtained in Synthesis Example 41 and heated at 80 to 90 °C for 2 hours. After cooled, the solvent was distilled off under 
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reduced pressure, and the residue was subjected to silica gel column chromatography (eluent: ethyl acetate - n-hexane 
-1:3 (v/v); Rf » 0.3) to obtain 209.1 mg of the intended compound as a pale yellow solid, (yield: 83 %) 

SYNTHESIS EXAMPLE 43: 

s 

Synthesis of 7 ( 8-dihydro-6,6-dimethyl-7-acetoxy-8-(1 -piperidinyO^H-pyrano[2,3-f]benzo-2 ( 1 ,3-oxadiazole: 



10 



O 



20 



The compound obtained in Synthesis Example 3 was processed in the same manner as in Synthesis Example 
42 to obtain the intended compound as yellow crystals, (yield: 1 00 %) 
m.p.: 158 to 160 °C 

25 SYNTHESIS EXAMPLE 44: 

Synthesis of 7.8<!ihydro-6,6^imethyl-7-h^^ 



30 



36 



<xxx, 



H^CCH^CHCOEtfc 



Me 
Me 

40 Usin 9 4-aminobutylaWehyde diethylacelal. the intended compound was obtained as a brown oil in the same 

manner as in Synthesis Example 6. (yield: 93 %) 

SYNTHESIS EXAMPLE 45: 

45 Synthesis of 7.8Kfihydro-6,6^ime%l-7-hydroxy-8-(2-r^roxypyrrolidinO -yl)-6H-pyrano[2,3-f]benzo-2. 1 ,3-oxadiazole: 



^N^OH 

of 2.5 N hydrochloric acid and 2 ml of 1 ,4-dioxane were added to 316 mg (0.832 mmol) of the compound 
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obtained in Synthesis Example 44 and reacted at room temperature for 3 hours. An aqueous sodium carbonate solution 
was added thereto so as to hydrate the product, and the resulting hydrate was then extracted with diethyl ether The 
ether solution was dried with anhydrous sodium sulfate, and the solvent was distilled off under reduced pressure The 
residue was subjected to silica gel column chromatography (eluent: ethyl acetate - n-hexane = 1:1 (v/v); Rf » 0 5) to 
obtain the intended compound as an yellow oil. (yield: 40 %) 

SYNTHESIS EXAMPLE 46: 

Synthesis of 7,8^ihydro-6,6^imethyl-7-hydrox^^^ ! ,3-oxadiazole: 




A solution of 18.4 mg (0.460 mmol) of sodium hydroxide, 1 ml of water and 4 ml of ethanol was added to 80.6 
mg (0.209 mmol) of the hydrochloride obtained in Synthesis Example 1 7 and reacted for 3 hours at room temperature 
The reaction mixture was made acidic by adding 1 N hydrochloric acid thereto, and then extracted with diethyl ether 
This was dried over anhydrous sodium sulfate, and the solvent was distilled off under reduced pressure to obtain the 
intended compound as a colorless oil. 

SYNTHESIS EXAMPLE 47: 

Synthesis of 7,8<fihydro-6,6<limethyl-7-aceto^ 




240 mg (1.10 mmol) of 7,8KJihydro-6,6<iimetrryl-7,8-epa^ were dis- 

solved in 5 ml of dichloromethane, and 5 ml of acetonitrile and 0.5 ml of BF 3 -diethyl ether complex were added thereto 
After these were reacted at room temperature for 30 minutes, a saturated aqueous sodium hydrogencarbonate solution 
was added thereto and the reaction liquid was extracted with chloroform. After the extract was dried over anhydrous 
sodium sulfate, the solvent was distilled off under reduced pressure. The residue was subjected to silica gel column 
chromatography (eluent: ethyl acetate - n-hexane -1:1 (v>v); Rf = 0.3) to obtain 152 mg of the intended compound as 
an yellow oil. (yield: 50 %) 

MS: 163(53 %). 188(100 %). 277(M*. 4 %) 
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SYNTHESIS EXAMPLE 48: 

Synthesis of 7.8^ihydro-6.6^iethyl-7-^ 



w 



15 




OH 



87.7 g (0.36 mmol) of 7,8<iihydro-6.6«iiethyl-7,8-epoxy-6H W ^ 61 _ (0 72 

mmol) of pipendine and 2 ml of ethanol were ref luxed for 20 hours while stirring. After the solvent was distilled off the 
20 residue was subjected to silica gel column chromatography (eluent: ethyl acetate - n-hexane - 1 : 1 (v/v); Rf = o 3) to 
obtain 30 mg of the intended compound as an yellow oil. (yield: 25 %) 

SYNTHESIS EXAMPLE 49: 
25 Synthesis of 7,8^dihydro-6,6-diethyl-7-hydroxy-8-amino-6H -pyrano[2,3-f]benzo-2, 1 .3-oxadiazole: 



30 



35 



N 



N 



Using 7,8^jrtydro^ > 6-diethyl-7,8-epoxy-6H-pyrano[2,3-f] benzo-2,1,3-oxadiazole, the intended compound 
obtained as colorless crystals in the same manner as in Synthesis Example 21 . (yield- 44 %) 
40 m .p.: 122 to 124 °C. 

SYNTHESIS EXAMPLE 50: 

Synthesis of 7.8Kfihydro-6,6Hdiethyl-7-hy^ 

45 



50 



55 



o 

H % .CNHMe 
N 



OH 




J*™ compound obtained in Synthesis Example 49 was processed in the same manner as in Synthesis Example 
22 to obtain the intended compound as a brown oil. (yield: 89 %) 
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SYNTHESIS EXAMPLE 51 : 

Synthesis of 7,8-dihydro-6,6Kliethyl-7-acetoxy-8-amino-6H-pyrano[2,3-f]benzo-2,1 ,3-oxadiazole: 




Using 7,8<lihydro-6,6^iethyl-7,8-epoxy-6H-pyrano[2,3-f] ben2o-2.1,3-oxadiazoJe, the intended compound was 
obtained as pale yellow crystals in the same manner as in Synthesis Example 47. (yield: 62 %) 
m.p.: 92 to 95 °C 

SYNTHESIS EXAMPLE 52: 

Synthesis of 7,8-dihydrc-6.6^imethyl-7-hydr^ 
azole: 



30 




A solution comprised of 100 mg (0.29 mmol) of the compound obtained in Synthesis Example 36, 97 mg (0.37 
mmol) of triphenylphosphine. 40»i t of carbon tetrachloride, 40 ji / (0.29 mmol) of triethylamine and 1 ml of dichlorometh- 
ane was heated under reflux for 4 hours. The solvent was removed by by distillation under reduced pressure, and the 
residue was subjected to silica gel column chromatography (eluent: ethyl acetate - n-hexane =1:2 (v/vV Rf = 0 1) to 
obtain 77 mg of pale yellow crystals. 

A solution comprised of 122 mg (0.39 mmol) of the compound thus obtained. 21 mg (0.50 mmol) of cyanamide 2 
ml of of tetrahydrofuran and 20 mg of diisopropylethylamine was stirred for 1 4 hours at room temperature. The crystals 
precipitated were taken out by filtration to obtain 1 12 mg of the intended compound as pale yellow crystals, (yield: 80 
%) 

m.p.: 146 to 148 °C. 
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SYNTHESIS EXAMPLE 53: 

Synthesis of 7,8^r^ro-6,6<limethy|.7-hydraxy-8-(l -piperidinyl)-6H-pyrano[2,3-f]benzo-1 ,2,3-triazole: 



1S « - - Me 



0.14 g (0.44 mmol) of 3,4-dihydro-2,2-dimetnyl-3-r^raxy-4-(1-pi^^ 
were dissolved in 23.7 g of ethanol and hydroge gas was blown in the presence of 0.10 g of 5 % palladiumcarbon as 
a catalyst, for 3 hours at room temperature under one atmospheric pressure while stirring. The reaction liquid was filtered 
under suction to remove the catalyst therefrom, and the solvent was distilled off to obtain 0.12 g (yield- 95 %) of 3 4- 
d.hydro-2.2^ime^-34iyd^ as a ^ red oj| ^ b . ^ 

this oil was directly used in the next diazotization. 

The whole amount of the diamino compound obtained in the previous step was dissolved in a mixture of 0 13 a of 
acetic aad and 0.23 g of water, and a solution prepared by dissolving 35 mg (0.51 mmol) of sodium nitrite in 01 5 g of 
water was added thereto all at a time at room temperature. After the generation of heat was recognized thus obtained 
compound was heated on a water bath at 80 «C for one minute. 20 ml of water. 0.13 g of sodium hydroxide and 4 0 g 
!2? Um ^ hl0r i? 8 were added t0 the reaction mfadure - was then extracted three times each with 40 ml of ethyl 
!°!!fi!' IT® "0* aC9late ,ayors were combined ' dried wer anhydrous sodium sulfate and fiHered. The solvent was 
distilled off to obtain 0. 10 g of an yellowish red powder. 90 mg of the powder was purified by silica gel column chroma- 
tography («hyl acetate - ethanol - 5 : 1) to obtain 80 mg of the intended compound as a pale yellowish brown powder. 
Tne total yield through the two steps was 72 %. 

MS: 284(W-H 2 0. 18%). 230(M'-72. 100%), 84(5%) 

35 SYNTHESIS EXAMPLE 54: 

Synthesis of 7,8-dihydro-6.6-dimethyl-7-hydroxy-8-(1 wnolidinyO-6H-pyrano[2,3-f|benzo-1 ,2.3-triazole: 



40 



45 



SO 



55 




0.20 g (0.65 mmol) of 3.4-dihydro-2,2-dimethyl-3 Mroxy^^lijyrrolidinyO-e-amino^-nitr^H-benzorblpyran 
were dissolved in 34.9 g of ethanol and hydrogen gas was blown in the presence of 0. 1 5 g of 5 % palladium-carbon as 
a catalyst at room temperature tor 3 hours under one atmospheric pressure while stirring. The reaction liquid was filtered 
under suction to remove the catalyst therefrom, and the solvent was distilled off to obtain 1 70 mg (yield: 94 %) of 3 4- 
dihydro-2.2-dimethyl-3-hydroxy-4-(1 -pyrrdidinyl)-6.7-diamino-2H-benzoMpyran as a dark red oil. 

The whole amount of the diamino compound obtained in the previous step was dissolved in a mixture of 0.19 g of 
acetic aad and 0.34 g of water, and a solution prepared by dissolving 52 mg (0.75 mmol) of sodium nitrite in 0.22 g of 
water was added thereto all at a time at room temperature. After the generation of heat was recognized the resulting 
mixture was heated on a water bath at 80 »C tor 3 minutes. The compound was thereafter post-treated in the same 
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manner as in Synthesis Example 53 to obtain 160 mg of the intended compound as an yellowish brown powder The 
total yield through the two steps was 85 %. ^ 
MS: 288<M*, 3 %), 270(M'-H2O, 3 %), 216(M'-72, 88 %). 188(MM00, 100 %), 70 (22 %) 

5 SYNTHESIS EXAMPLE 55: 

Synthesis of 7.8^ihydro-6,6^imethyl-7-hydro^ ,2,3-triazole: 



w 



is 



20 



25 



0.20 g (0.65 mmol) of 3.4-dihydro-2.2-dimethy|.3-hydroxy-4-cBethy^^^ 
were dissolved in 34.9 g of ethanol and hydroge gas blown in in the presence of 0.15 g of 5 % palladium-carbon as a 
catalyst, for at room temperture for 2.5 hours under one atmospheric pressure while stirring. The reaction liquid was 
filtered under suction to remove the catalyst therefrom, and the solvent was distilled off to obtain 0 1 5 g (yield- 83 %) of 
3.4^ihydro-2.2<limethyl-3-hydroxy-4<liethWamino-6.7^iajnino-2H-benzo[b]-pyran as a dark brown oil 

The whole amount of the diamino compound obtained in the previous step was dissolved in a mixture of 0 19 a of 
acetic acid and 0.34 g of water, and a solution prepared by dissolving 52 mg (0.75 mmol) of sodium nitrite in 0 22 a of 
water was added thereto all at a time at room temperature. After the generation of heat was recognized, the resulting 
m.xture was heated on a water bath at 80 °C for 3 minutes. The mixture was thereafter post-treated in the same manner 
as m Synthesis Example 53 to obtain 70 mg of the intended compound as a pale brown powder. The total yield through 
the two steps was 37 %. 
30 MS(FAB): 291 [(M+H) + ] 

SYNTHESIS EXAMPLE 56: 

Synthesis of 7,8^ihydro-6.6«iimethyl-7^ 

35 



40 



45 




SO 



ss 



0.28 g (0.87 mmol) of 3.4<lihydro-2.2-dimethyl-3-hydroxy-4.(^ 
was dissolved in 44.8 g of ethanol and hydrogen gas was blown in in the presence of 0.20 g of 5 % palladium-carbon 
as a catalyst, at room temperature for 3 hours under one atmospheric pressure while stirring. The reaction liquid was 
«= e If^ 8r !^ Cti0nto removethe ca^yst therefrom, and the solvent was removed by distillation to obtain 0.24 g (yield- 
m ~ ^;?^ r ^ 2,2 ^ m ^^ Py™ fl s a dark red oil. 0.12 g 

1 J^L of J h,on y |an,line and 4g of benzenewere added thereto and heated under reflux for 2.5 hours. The solvent 
TS- "72 reduCed pressure ' a™ 1 to resk,ue "as subjected to silica gel column chromatography (ethyl 

acetate - ethanol = 1 : 3) to obtain 60 mg (yield: 23 %) of the intended compound as an yellow solid 

MS: 84(85 %). 247(100 %). 319(M-, 2 %) 
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SYNTHESIS EXAMPLE 57: 

Synthesis of 7,8Klihydro-6 ( 6Kiimethyl-7-hydrQxy-8-(l -pyrrolidinyl)-6H-pyrano(2,3-fIbGnzo-2. 1 ,3-thiadiazole: 



ccct 



Me 
Me 



3.4<lihydro-2,2<Jimethyl^ryd^ was processed in 

same manner as in Synthesis Example 56 to obtain the intended compound as pale brown crystals, (yield: 25 %) 

20 SYNTHESIS EXAMPLE 58: 

Synthesis of 7.8«flhydro-6.6<limethyl-7-^ 



25 



30 



OH 



Me 
Me 



35 



40 



3.4<lihydit>-2,2<Jimethyl^-hydrox^^ was processed in the 

same manner as in Synthesis Example 56 to obtain the intended compound as a brown oil. (yield: 17 %) 

SYNTHESIS EXAMPLE 59: 

Synthesis of (0-7,8<lihydro-6 f 6Kjimetnyl-7-h^ {opti . 
cally-active (-) isomer of compound of Synthesis Example 4): 



45 



50 



55 



N 



Q 




on 



Me 
O^Mc 



14.7 g (206.2 mmol) of pyrrolidine were added to 60 ml of an ethanol solution containing 15.0 g (68.7 mmol) of 
the compound of Reference Example 1 and heated under reflux for 2 hours. The solvent was distilled off under reduced 
pressure, 100 ml of water was added to the residue product, and was then extracted with chloroform (1 00 ml x 1 , 30 ml 
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10 



15 



x 2). After the chloroform solution was dried over anhydrous sodium sulfate, the solvent was distilled off under reduced 
pressure. The residue was subjected to silica gel column chromatography 

(benzene - ethyl acetate - 5 : 1 -» 4 : 1). 

as ySw r ^S£i^Si?^^> reCryStallteeel ,r ° m bGnZene : hQxane (1 : 2) to obtaln 13 8 9 of the tended compound 
240 ml of hydrochloric acid-methanol (10 %) were added to 240 ml of a methanol solution containing 13 g (44 9 

mmol) of the intended compound and stirred for 3 hours at room temperature. Then, the solvent was distilled off under 

reduced pressure. The residue was crystallized in 250 ml of 2-propanol to obtain 1 1 .5 g of hydrochloride of the intended 

compound as colorless crystals, (yield: 78%) 
m.p. > 200 °C (decomposition). 

SYNTHESIS EXAMPLE 60: 

Synthesis of (+)-7,8<Jihydro-6,6<limethyl-7.hydroxy-8-(1 -pyrrolidinyl)-6H-pyrano[2,3-fIbenzo.2,1 ,3-oxadiazole (opti- 
cally-active (+) isomer of compound of Synthesis Example 4): 



20 



25 




OH 



30 



In the same manner as in Synthesis Example 59, 15.0 g (yield: 58 %) of the intended compound were obtained 
as yellow crystals. Also in the same manner. 12.9 g (yield: 82 %) of hydrochloride of the intended compound were 
obtained as colorless crystals. 

m.p. > 200 °C (decomposition). 

[FORMULATION EXAMPLES] 
FORMULATION EXAMPLE 1: 



40 



Formulation of Tablets: 


Compound (prepared in Synthesis Example 4) 


10 g 


Lactose 


260 g 


Crystal cellulose powder 


600 g 


Corn Starch 


350 g 


Hydroxypropyl cellulose 


100 g 


CMC-Ca 


150 g 


Magnesium stearate 


30 g 


Total 


1500 g 
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The above-mentioned components were mixed by a usual and then tabletted to produce 10,000 sugar-coated tab- 
lets, each containing one mg of the active ingredient. 

FORMULATION EXAMPLE 2: 



Formulation of Capsules: 


Compound (prepared in Synthesis Example 4) 


10 g 


Lactose 


440 g 


Crystal cellulose powder 


1000 g 


Magnesium Stearate 


50g 


Total 


1500 g 



The above-mentioned components were mixed by a usuaJ method and then packed in gelatin capsules to obtain 
1 0,000 capsules, each containing one mg of the active ingredient 

FORMULATION EXAMPLE 3: 



Formulation of Soft Capsules: 


Compound (prepared in Synthesis Example 4) 


10g 


PEG400 


479 g 


Saturated fatty acid triglyceride 


1500 g 


Peppermint Oil 


ig 


Polysorbate 80 


10g 


Total 


2000 g 



The above-mentioned components were mixed and packed in No. 3 soft gelatin capsules by a usual method to 
obtain 10,000 soft capsules, each containing one mg of the active ingredient. 
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FORMULATION EXAMPLE 4: 



Formulation of Ointment: 


Compound (prepared in Synthesis Example 4) 


1.0 g 


Liquid paraffin 


10.0 g 


Cetanol 


20.0 g 


Whilte vaseline 


68.4 g 


Ethylparaben 


0.1 g 


L-methol 


0.5 g 


Total 


100.0 g 



The above-mentioned components were mixed by usual method to obtain 1 % ointment. 
FORMULATION EXAMPLE 5: 



Formulation of Suppositories: 


Compound (prepared in Synthesis Example 4) 


ig 


Witepsol H15* 


478 g 


Witepsol W35* 


520 g 


Polysorbate 80 


ig 


Total 


1000 g 



C Trade name lor triglyceride compound) 



The above-mentioned components were melt-mixed by usual method and poured into suppository containers fol- 
lowed by cooling for solidification to obtain 1 ,000 suppositories of 1 g, each containing one mg of the active ingredient. 



FORMULATION EXAMPLE 6: 



Formulation of Injection: 


Compound (prepared in Synthesis Example 4) 
Distilled water for injection 


1 mg 
5 ml 



The formulation is prepared by dissolving the compound in distilled water whenever it is required. 
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[PHARMACEUTICAL TEST EXAMPLES] 

Effect on the contraction force of cardiac muscles: 

Test Method: 

The heart was taken out from a male Hartley guinea pig, and the left atrium cordis was separated from it in a Krebs 
Henseleit liquid aerated with 95%<V5%-C0 2 . The specimen was overhung under tension of 0.5 g in an organ bath 
filled with anutnent liquid, which was kept at 31 «C To determine the force of cardiac muscles of the left atrium corids 
electric stimulation was transmularly imparted to the specimen via platinum bipolar electrodes and the tension generated 
by the contraction of force of cardiac muscles of the specimen was recorded. The conditions for the electric stimulation 
were as follows: 



15 



20 



25 



30 



35 



40 



45 



Voltage: 
Time: 

Frequency: 



two times the threshold potential to attain the contraction (V) 

3 (m sec.) 

1(Hz) 



After the specimen was equilibrated while exchanging the nutrient liquid, isoproterenol was accumulatively applied 
to the specimen to obtain the maximum contraction reaction of the specimen. After, the isoproterenol added was washed 
out. the specimen was again equilibrated for 60 minutes while exchanging the nutrient liquid. Afterwards, the test com- 
pounds mentioned below were applied to the specimen, while its action was observed. 

The action caused by applying 100 \i M and 300 n M of each compound are expressed by the rate of change (%) 
on the basis of the maximum contraction (100 %) previously obtained when isoproterenol had been applied. 

Results: 

The test results are shown in the following table, which verifies that the compounds of the present invention have a 
strong activity of enhancing the contraction of cardiac muscles and that the activity is dependent on the concentration 
of the compound applied. 



Results of Test 1 - effect on contraction force of cardiac muscles 


Test compound Synthe- 
sis Example No. 


Rate of change (%) in constraction force 
of cardiac muscles 




100 jiM 


300 jiM 


1 


24.7 


52.7 


2 


44.2 


84.0 


3 


55.7 


135.0 


36 


67.5 





50 



55 



Effect on the rate of heart beats: 
Test Method: 



The heart was taken out from a male Hartley guinea pig, and the right atrium cordis was separated from it in a Krebs 
Henseleit liquid aerated with 95%<V5%-C0 2 . The specimen was overhung under tension of 1 g in an organ bath filled 
with a nutrient liquid, which was kept at 31 °C . 

After the specimen was equilibrated while exchanging the nutrient liquid, isoproterenol was accumulatively applied 
with the spcimen to obtain the maximum reaction of the specimen. After, the isoproterenol applied was washed out. the 
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w 



specimen i was again equilibrated for 60 minutes while exchanging the nutrient liquid. Afterwards, the test compounds 
mentioned below were applied to the specimen, while its reaction was observed. 

u U^ re l!!!u e Varlati0n (%) in the rate of heart beats of the ^ecimen due to the addition of the test compound (100u 
hldbee^wni^ 

Results: 

The test results are shown in the following table, which verifies that the compounds of the present invention have 
SJSd fate 0? heart beatS that the aCtiVlty iS dependent on concentration of the compound 
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Results of Test 2 - 


affect on the rate of heart beats 


Text compound (Synthe- 
sis Example No.) 


Variation (%) in the rate of hart beats 




100 jiM 


300 JAM 


1 


-17.7 


-73.3 ' 


2 


-12.8 


-25.0 


4 


-15.6 


-53.8 
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Effect on the cardiac function of anesthetized dogs: 
Test Method: 

Female and male mongrel dogs were anesthetized with sodium pentobarbital and kept under artificial respiration 
A cannula was inserted into the abdominal aorta through the right crural artery, and the blood pressure of the animal 
was measured with a strain pressure amplifier via a pressure transducer. The rate of heart beats of the animal was 
measured on the basis of the moment heart beat wave, using the Wood pressure wave as the trigger. A catheter pressure- 
transducer was inserted into the left ventricle from the left carotid artery, and the inner pressure in the left ventricle was 
measured via a strain pressure amplifier. The inner pressure in the left ventricle was differentiated via a differential unit 
to obtain the primary differentiated value of the inner pressure in the left ventricle (the value corresponds to the leading 
rate of the systolic pressure of the left ventricle. IV dp/dl max ). The test compounds mentioned below was dissolved in a 
mixed solvent of polyethylene glycol-400. ethanol and water (2:3:5) and introduced, with bolus dose, through a cannula 
inserted into ttie left cephalic vein of the animal. Prior to the test, it was recognized that the mixed solvent alone has no 
influence on the cardiac function and the blood pressure of the animal. 

Results: 

The test results are shown in the following table, which verifies that the compounds of the present invention have a 
strong activity of enhancing the contraction of cardiac muscles and a strong activity of reducing the rate of heart beats 
without having any influence on the blood pressure. 
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Results of Test 3: 



(Effect of the compound of Synthesis Example 59 [(-)-isomer of the compound of Production Example 4)] intravenously 
administered to anesthetized dogs- variation (%) (as average of three tests) relative to the value obtained prior to addition 
of the compound) 
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Claims 



1. A medicine tor cardiac insufficiency containing, as an active ingredient, at least one of compounds of the Mowing 
formula (I), their optical isomers, their stereoisomers and their pharmacologically acceptable salts when they may 



59 



EP 0 693 283 AD 



form salts. 




a) 



wherein X> and X 2 do not exist or represent an oxygen atom; 

X represents an oxygen atom, a sulfur atom, a nitrogen atom (said nitrogen atom is unsubstituted or substituted bv 
a hydrogen atom or a C,-C 4 alkyl group). C(0).C(S). or C(N-CN); 

A represents a hydrogen atom, a hydroxyl group, or 0C(O)Rs (in which FP represents a C,-C 4 alkyl group) or may 
form a single bond together with B; v w.w>»»y 

B represents a hydrogen atom, or may form a single bond together with A; 

W> and FP are the same or different from each other and represent a hydrogen atom or a C, -C 4 alkyl group or Ri 
and R* may together form a 1.4-butylene or 1.5-pentylene group which is unsubstituted or substituted by a C-G. 



R3 and R 4 are the same or different from each other and represent a hydrogen atom, a C r Ce alkyl group (said alkyl 
group is unsubstituted or substituted by one or more substituents selected from a halogen atom, a carboxyl group 
a Cz-Cs alkoxy carbonyl group, a hydroxyl group, a d-C 4 alkoxy group. CH(OR) 2 (in which R represents a C,-C 4 
alkyl group), a phenyl group (which is unsubstituted or substituted by one or more substituents selected from a 
halogen atom, a hydroxyl group and a C r C 4 alkoxy group), a formyl group, a cyano group and a nitro group), a C*- 
C« alkenyl group (said alkenyl group is unsubstituted or substituted by one or more substituents selected from a 
halogen atom, a carboxyl group, a C 2 -C 6 alkoxycarbonyl group, a hydroxyl group, a C,-C 4 alkoxy group. CH(OR), 
(in which R represents a C r C 4 alkyl group), a phenyl group (which is unsubstituted or substituted by one or more 
substituents selected from a halogen atom, a hydroxyl group, and a C r C 4 alkoxy group), a formyl group, a cyano 
group and a nrtro group), a C r C e alkynyl group (said alkynyl group is unsubstituted or substituted by one or more 
substituents selected from a halogen atom, a carboxyl group a C 2 -C 5 alkoxycarbonyl group, a hydroxyl group, a 
m^L 9 ^^ CH(OR >* < in wWcn R represents a C,-C 4 alkyl group), a phenyl group (which is unsubstituted 
or substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a C,-C 4 alkoxy 
9 «S ° fflfi*?; 8 Cyan ° 9roup andanitro 9 rou P)- a C 3 -Ce cycloalkyl group (said cycloalkyl group is unsub- 
stituted or substituted by one or more substituents selected from a halogen atom, a carboxyl group a Cj-Cs alkox- 
ycarbonyl group a hydroxyl group a C r C 4 alkoxy group. CH(OR) 2 (in which R represents a C r C 4 alkyl group), a 
phenyl group (wh.ch is unsubstituted or substituted by one or more substituents selected from a halogen atom a 

* SfS^!^ flr ° UP) ' 8 f0rmyl 9rOUP ' a Cyan ° 9 rou P and a nitro fl^P). a Phenyl group (which 
is unsubstituted or substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a 
0,-04 alkoxy group), or C(=Y)ZR8 [in which Y represents an oxygen atom, a sulfur atom or NR 7 (in which R7 rep- 
resents a hydrogen atom, a cyano group, a nilro group, a C r C 4 alkyl group, a d-C 4 alkoxy group or C0 2 R» (R« 
represent a C r C 4 alkyl group)); Z represents an oxygen atom, a sulfur atom or NR9 (in which R9 represents a 
hydrogen i atom, a C r C e alkyl group (said alkyl group is unsubstituted or substituted by one or more substituents 
™ ™ r ™f ? T n J a o m> 8 Carb ° Xyl 9r ° Up ' 8 CrCs alkoxycarbonyl group a hydroxyl group a C r C 4 alkoxy 
group. CH(OR) 2 (in which R represents a C,-C 4 alkyl group), a phenyl group (which is unsubstituted or substituted 
by one or more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 alkoxy group), a formyl 
group, a cyano group and a nitro group), a C^Ce alkenyl group {said alkenyl group is unsubstituted or substituted 
byone or more substituents selected from a halogen atom, a carooxyl group, a C^C 6 alkoxycarbonyl group, a 

? uS^J ritlSSf »° UPk CH(OR)2 (in Whicn R «*"*ents a C r C 4 alky, group), a phenyl group (which 
e unsubstituted or substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a 

un^^ 9 r UP L?* fo .^ 9rOUP ' 8 Cya "° flr ° Up 9 nitr0 flroupJ ' a °* C * alk y n y fl rou P (sai* 1 alkynyl group is 
unsubstitoted or substituted by one or more substituents selected from a halogen atom, a carboxyl group, a cTc 5 

f 0 ^^ 0 ^ ? ro u UP : a 9rOUP ' a Cl ' C4 8 rou P- CH < OR >* ^'ch R represents a C,-C 4 alkyl gro^p)! 

a phenyl group (wh.ch .s unsubstituted or substituted by one or more substituents selected from a halogen atom a 
nydroxyl group and a C r C 4 alkoxy group), a formyl group, a cyano group and a nitro group), a Qj-Ce cycloalkyl 
group {saidcyctoalkyl group is unsubstituted or substituted by one or more substituents selected from a halogen 
R^Zf^^ 9^P' 3 c 2 -Cb alkoxycarbonyl group a hydroxyl group, a C r C 4 alkoxy group. CH(OR) 2 (in which 
represente a C 1-C4 alkyl group), a phenyl group (which is unsubstituted or substituted by one or more substituents 
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selected from a halogen atom, a hydroxyl group and a d-C 4 alkoxy group), a formyl group, a cyano group and a 
nitro group}, or a phenyl group (which is unsubstituted or substituted by one or more substituents selected from a 
halogen atom, a hydroxyl group and a d-d alkoxy group)); 

and R6 represents a hydrogen atom, a d-d alkyl group {said alkyl group is unsubstituted or substituted by one or 
more substituents selected from a halogen atom, a carboxyl group, a C r C 6 alkoxycarbonyl group, a hydroxyl group, 
a d-d alkoxy group. CH(OR) 2 (in which R represents a dd alkyl group), a phenyl group (which is unsubstituted 
or substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 alkoxy 
group), a formyl group, a cyano group and a nitro group), a C r C 6 alkenyl group {said alkenyl group is unsubstituted 
or substituted by one or more substituents selected from a halogen atom, a carboxyl group, a C 2 -C s alkoxycarbonyl 
group a hydroxyl group, a C r C 4 alkoxy group. CH(OR) 2 (in which R represents a dd alkyl group), a phenyl group 
(which is unsubstituted or substituted by one or more substituents selected from a halogen atom, a hydroxyl group 
and a dd alkoxy group), a formyl group a cyano group and a nitro group}, a dd alkynyl group {said alkynyl 
group is unsubstituted or substituted by one or more substituents selected from a halogen atom, a carboxyl group 
a Cz-Cs alkoxycarbonyl group, a hydroxyl group a C r C 4 alkoxy group. CH(OR) 2 (in which R represents a d-d 
alkyl group), a phenyl group (which is unsubstituted or substituted by one or more substituents selected from a 
halogen atom, a hydroxyl group and a C r C 4 alkoxy group), a formyl group, a cyano group and a nitro group} a d- 
Ce cycloalkyl group {said cycloalkyl group is unsubstituted or substituted by one or more substituents selected from 
a halogen atom, a carboxyl group, a C2-C5 alkoxycarbonyl group, a hydroxyl group, a C r C 4 alkoxy group. CH(OR) 2 
(in winch R represents a d-d alkyl group), a phenyl group (which is unsubstituted or substituted by one or more 
substituents selected from a halogen atom, a hydroxyl group and a C r C 4 alkoxy group), a formyl group, a cyano 
group and a nitro group}, or a phenyl group (which is unsubstituted or substituted by one or more substituents 
selected from a halogen atom, a hydroxyl group and a d-d alkoxy group)]; 

R3 and R4 may together form a 1.4-butylene or 1 ,5-pentylene group {said 1.4-butylene group and 1 ,5-pentylene 
group are unsubstituted or substituted by one or more substituents selected from a C r C 4 alkyl group a phenyl 
group (which is unsubstituted or substituted by one or more substituents selected from a halogen atom a hydroxyl 
group and a d d alkoxy group), a halogen atom. OR10 (in which Rio represents a hydrogen atom, a dd alkyl 
group CORH (Rii represents a dd alkyl group, a nitro group. SO3H or POaHz))}; or 

R3 and R4 may together form (CH^X-'fCHa), [in which m and I each represent 1 . 2 or 3 while the sum of them is 
3, 4 or 5; 

X4 represents an oxygen atom, a sulfur atom, or NR12 {in which R12 represents a hydrogen atom, a C r C 4 alkyl 
group, or a phenyl group (which is unsubstituted or substituted by one or more substituents selected from a halogen 
atom, a hydroxyl group and a C1-C4 alkoxy group)}]; 

or R3 and R4 may together form (CH^ZC^Y) (in which n represents 2, 3 or 4; and Z and Y have the same meanings 
as defined above). 

A medicine for cardiac insufficiency containing, as the active ingredient, at least one of compounds of the following 
formula (II), their optical isomers, their stereoisomers and their pharmacologically acceptable salts when they may 
form salts: 



en) 




wherein X6 does not exist or represents an oxygen atom; 

X5 represents an oxygen atom, a sulfur atom, or a nitrogen atom (said nitrogen atom is unsubstituted or substituted 
by a hydrogen atom or a d-C 4 alkyl group); 

Ai represents a hydrogen atom, a hydroxyl group, or 0C(0)R17 (in which R17 represents a C1-C4 alkyl grouDV 
B1 represents a hydrogen atom; y w% 

R13 and R14 are the same or different each other and represent a hydrogen atom or a C r C 4 alkyl group; 
R15 and Rie are the same or different to each other and represent a hydrogen atom, a C r C e alkyl group {said alkyl 
group is unsubstituted or substituted by one or more substituents selected from a halogen atom, a carboxyl group 
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a C 2 -C 5 alkoxycarbonyl group, a hydroxyl group, a C r C 4 alkoxy group, CH(OR) 2 (in which R represents a C r C 4 
alkyl group), a phenyl group (which is unsubstituted or substituted by one or more substituents selected from a 
halogen atom, a hydroxyl group and a C r C 4 alkoxy group), a fbrmyl group, a cyano group and a nitro group}, a C3- 
Ce cycloalkyl group {said cycloalkyl group is unsubstituted or substituted by one or more substituents selected from 

5 a halogen atom, a carboxyl group, a C2-C5 alkoxycarbonyl group, a hydroxyl group, a C r C 4 alkoxy group, CH(OR) 2 

(in which R represents a C r C 4 alkyl group), a phenyl group (which is unsubstituted or substituted by one or more 
substituents selected from a halogen atom, a hydroxyl group and a C r C 4 alkoxy group), a fbrmyl group, a cyano 
group and a nitro group), a phenyl group (which is unsubstituted or substituted by one or more substituents selected 
fromahalogen atom, ahydroxyl group andaC r C 4 alkoxy group), or C(=Yi)Zi Riap n which Y1 represents an oxygen 

w atom, a sulfur atom or NR19 (in which Ris represents a hydrogen atom, a cyano group, a nitro group, a C r C 4 alkyl 
group or a C r C 4 alkoxy group); Zi represents an oxygen atom, a sulfur atom or NR20 (j n which R20 represents a 
hydrogen atom, a C r C e alkyl group (said alkyl group is unsubstituted or substituted by one or more substituents 
selected from a halogen atom, a carboxyl group, a C2-C6 alkoxycarbonyl group, a hydroxyl group, a C r C 4 alkoxy 
group. CH(OR) 2 (in which R represents a C r C 4 alkyl group), a phenyl group (which is unsubstituted or substituted 

15 by one or more substituents selected from a halogen atom, a hydroxyl group and a CrC 4 alkoxy group), a fbrmyl 
group, a cyano group and a nitro group}, a C3-C Q cycloalkyl group {said cycloalkyl group is unsubstituted or substi- 
tuted by one or more substituents selected from a halogen atom, a carboxyl group, a C 2 -C 6 alkoxycarbonyl group, 
a hydroxyl group, a C r C 4 alkoxy group, CH(OR) 2 (in which R represents a Ci-C 4 alkyl group), a phenyl group (which 
is unsubstituted or substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a 

20 C r C 4 alkoxy group), a fbrmyl group, a cyano group and a nitro group}, or a phenyl group (which is unsubstituted or 
substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 alkoxy group)); 
and R 1 « represents a hydrogen atom, a Ci-Ca alkyl group {said alkyl group is unsubstituted or substituted by one 
or more substituents selected from a halogen atom, a carboxyl group, a C^Cs alkoxycarbonyl group, a hydroxyl 
group, a C r C 4 alkoxy group, CH(OR) 2 (in which R represents a C r C 4 alkyl group), a phenyl group (which is unsub- 

25 stituted or substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a C r C 4 
alkoxy group), a fbrmyl group, a cyano group and a nitro group}, a C3-C6 cycloalkyl group {said cycloalkyl group is 
unsubstituted or substituted by one or more substituents selected from a halogen atom, a carboxyl group, a Cz-Cs 
alkoxycarbonyl group, a hydroxyl group, a C r C 4 alkoxy group, CH(OR) 2 (in which R represents a C r C 4 alkyl group), 
a phenyl group (which is unsubstituted or substituted by one or more substituents selected from a halogen atom, a 

30 hydroxyl group and a C r C 4 alkoxy group), a formyl group, a cyano group and a nitro group}, or a phenyl group 
(which is unsubstituted or substituted by one or more substituents selected from a halogen atom, a hydroxyl group 
and a d-C 4 alkoxy group)]; 
or 

R 15 and R 1 ^ may together form a 1 ,4-butylene or 1 ,5-pentylene group {said butylene and said pentylene are unsub- 
35 stituted or substituted by one or more substituents selected from a C r C 4 alkyl group, a phenyl group (which is 
unsubstituted or substituted by one or more substituents selected from a halogen atom, a hydroxyl group and a d- 
C 4 alkoxy group), a halogen atom and OR21 (in which R21 represents a hydrogen atom, a C r C 4 alkyl group. COR22 
(in which R22 represents a C r C 4 alkyl group, a nitro group, SO3H or POaH^)}; or 

R1» and Rie may together form (CH^oX^CH^p [in which o and p each is an integer of 1 . 2 or 3 while the sum of 
40 them is 3, 4 or 5; X? represents an oxygen atom, a sulfur atom, or NR23 {in which R23 represents a hydrogen atom, 
a Ci-C 4 alkyl group, or a phenyl group (which is unsubstituted or substituted by one or more substituents selected 
from a halogen atom, a hydroxyl group and a CrC 4 alkoxy group)}]; or 

Ris and R™ may together form (CHJqZ 1 C(=Y1) (in which Q represents an integer of 2, 3 or 4; and Z1 and Y1 have 
the same meanings as defined above). 

45 

3. The medicine for cardiac insufficiency as claimed in claim 2, wherein Ris in formula (II) represents a hydrogen atom, 
and R16 represents C(=Y2)NHR24 (j n wn jch Y2 represents an oxygen atom, a sulfur atom or N-CN; and R*» repre- 
sents a phenyl group, a benzyl group or a C r C 8 alkyl group which may be branched). 

so 4. The medicine for cardiac insufficiency as claimed in claim 2, wherein Ris and R 1 « in formula (II) together form 
(CH2) k NHC(=Y3) (in which k is an integer of 2, 3 or 4; and Y3 represents an oxygen atom, a sulfur atom or N-CN). 

5. The medicine for cardiac insufficiency as claimed in claim 2, in which Ris and R16 in formula (II) simultaneously 
represents CrC e alkyl groups. 

ss 

6. The medicine for cardiac insufficiency as claimed in claim 2, inwhich Ri«and R™ in formula (II) together form (CH^ 
or (CHJs. 
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